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TO 

WilliamCleland,£/^; 

Of  Rajhoufe  in  the  tomtj  of  Effex. 


SIR, 

HAving  had  the  Honour  of 
your  Acquaintance  for 
fome  Time,  and  confidering 
your  Qualifications  in  this  Sub- 
jedt,  together  with  the  Obliga- 
tions I  lie  under  to  you,  I  could 
not  find  a  more  proper  Perfon 
to  patronize  this  Work:  Where- 
A  2  fore, 


fere,  as  a  grateful  Acknowledg- 
ment of  the  many  Favours  re- 
ceived, I  humbly  beg  leave  to 
Dedicate  this  Piece  to  you ;  and 
am  with  the  greateft  Regard 


SIR, 


•  - 1 


Tour  fhofi  Obliged 

and 
moji  Humble  Sefvani 


ARCHIBAL'D  TATOUN. 


J  AfivTi'' 


P  R  E  E  A  C  E* 


\HERE  are  fo  many  Books  eflfatn- 
I  gatioB  already  extant,  that  it  may  ftem 
I  impertinent  to  trouble  the  World  mtb^A 
*  new  One ',  eJpeciaUj  ftnce  fome  good  Ma^ 
t  tbematiaans  both  at  home  and  abroadj- 
'  and  many  who  were  perfe£t  Mafters  of 
the  Pra^Cy  have  written  en  this  Subje^.     The  firmer 
cf  thefe  being  find  of  ir^enious  Speculations,  have  general-' 
fy  been  too  proHx  on  the  Theory,  and  too  Jhort  on  the 
fra£Hcal  Part.  Whereas  the  later  have  in  a  great  Mea* 
fure  negle^ed  the  Theory,  and  not  being  very  folicihus 
about  Language  or  Method^  have  deU^ered  the  praiftcal 
'  Rales  in  fucb  a  Manner,  as  they  cannot  be  eajily  com- 
frebended,  and  much  lefs  remembred,  efpecidlly  fince  there 
is  feldom  mention  made  of  the  jReaJons  on  which  they  de- 
pend. 

But  I  am  very  far  from  finding  fault  with  all  the 
Sooks  on  this  Subjeii  j  for  there  are  feme  very  full  both 
on  Theory  and  Practice,  againjt  which,  I  have  no  other 
ObjeSHon  but  that  they  are  too  tediens  to  be  taught,  and 
tot)  dear  to  be  purchafed  by  mofi  People. 

Toutb 


vi  The  P  RrEvRA  C  E. 

Toutb  ougbUo  learn  the  EUments  from  Jborter  Tre^ 

tifef^  and  (^terwaris^^at  their  leifure  Jhould readgem^ 
ral  SyftemSy  in  order  io  perfeS  them. 

For  thefe  Reafom^  I  have  ventured  to  puhlijh  tins 
fmall  Treatife ;  wherein  I  have  made  if  my  chief  Buji^ 
nefi  to  keep  a  due  Medium  betwixt  the  two  Extremes^ 
into  which  the  fpeculative  Writers  on  the  one  Handy  and 
ih$,jpraSical  ones  on  the^  other  are  apt  to  run.  Ibavi 
laid  down  all  the  ufeful  RuleSy  and  troubled  the  Reader 
with  no  more  of  the  Theory  than  is  necejfary  to  explain 
them.  I  have  alfo  explained  thr  principles  of  Menfura- 
tion.  Surveying,  aud  Gauging,  andfhewed  how  they  are 
applied  to  Prailice,  in  order  that  my  Book  might  better 
aitfwer  the  particular  end  for  which  it  if,  deftgned,  namfi^ 
tiiJti/lruSiop  of  thj  yofing  ^etftteme^ri  if  Mr  Wa  t  t  sj 
Academy. 

yis  for  the  particular  Contents  of  each  SeSion,  the  Rea^ 
di^^Vilifind  tbem  at  the  endofthe^  Bpok,  and  therefore 
1tk%  ^^^d  not  be  repeated  here,  tfball  qjtly  obferve,  that 
i,bave,  deftgnedly  omitted ,  Great  Circle  Sailing,  ^j  be- 
«^v(wrfj  fpeculative:,^^  ifnd dependingyn^SphtricsA  iTrigo- 
ij^CHnecry^  which  would  require  a. particular  Volume  ta 
^plainit.  There  are^eed  two  or  tbfee  Problems  ne- 
^^jBf!^^  ^  PraSicfj  which  depend  pn  fbe^  Refoiutkn  of 
Spherical  Triangles ;  bftfrfk^  the  SobHion  of  thefe^  i  bav^e 
l^  down  fuch  clear  and  ^ori-RuUs  that  no^  body  cats 
w^fl^ake  the  fka^er  of  i^lyi^  tjjm.  \\ 
l^.  I  know,  fimf  ar,e\of  Opinio^  that  She  Demonjlra*-. 
ikns  are  not  to-'if^^^filf  learnt ^  bjev^ry  Capacity,  on^ 
which  account  they  teach  the  Pra£iice  vnly^  This  Bot^\ 
therefore  fo  written  as,  tafervefor  tbeirpurpofe  likew{fe^ 
hecaufe  they  may  take  the  Rules  alone  without  their  Reo;^ 
fons. '  It  is  true  indeed,  that  there  may  be  great  Diffic^l^i 
i'j  in  fining  out  a  profit:  Demonjiration  ^  but  after  tl  ii 
found,  it  is  eafier  to  be  underjlood  than  that  of  which 
is  the  Reajbn :  .and  therefore  the^  who  are  not  capable  ^ 
i^nderjlanding  the  Bentonfirationij  are  ^much  lefs  ^pab(^ 
of  under/landing 'the  Praiiical  Rules  which  depend  o^ 

...  '       '  /  them. 


Aim\  ~ ^nd T M.in)tic!fHted to beHtWy  tifOt  vAali,ij  com- 
tmdy  tfttrihutedto  want  n/Gettius  in  the  Scholar  ^  if  (^iOf 
ettM£  ^  want  sf  MeAsi  aM  Perfpieuii-j  in  the  M^Jtf^ 
■'  In  preparing  tbii  frmtife  for  tbe.Prtfi,  I  own  myfe^ 
tiigedtt  iWr  Stirling,  F.R.S.  (<f  the  Jtcadmj  im 
Towe^-Strcet)  w6o  *»  his  firft  fieisg  my  Papers  ^  fofac 
'Bfprwud  both  of  tbt  Matter  they  eenttdned  and  of  the 
Order  in  which  tbty  were  put  together,  at  to  think  them 
fit  to  he  made  piihlirk  with  vtryJiitie  jUltralitm. 
-  -  Ittcknowledge  myfelf  alfo  cbUged  io'tbat  mofi  eneeUffii 
Book  ff/*  A&HoDosoN,  entiiuled  a  Syftemof  Mor 
thematicks,  which  I  take  to  he  hy  far  the  mofi  compkai 
^reatife  on  this  Suhjeii,  both  as  to  Theory  and  PraStice, 
And  on  tins  occafton  I  cannot  hut  take  notice  of  a  late 
H^riter,  who  has  accufed  him  and  all  Writers  on  N»vi- 

cb  iSy 

tance 

them 

with' 

tthat 

illap- 

mdof 

lithe 

f  this 

vour 

•tioris 

Me- 

**  ridional  Dillaace,  and  Departure ;  and  let  him 

**  fee,  that  tho*  thcfe  are  fynonymous  Terms  in 

**  Plain  Sailing,    conftantly    fignifying  the    fame 

**  thing,  and  in  every  Queftion  are  reprefcnted  by 

•*  the  lame  Right  Line,  yet  in  the  true  Sailing  they 

'*  irt  eflfentially  different  one  from  another  ;  and, 

•*  and  in  the  fame  Problem,  are,  as  they  really 

**  fliould  be,  reprefented  or  exprefled  by  different 

*'  Lines,  and  arc  of  different  Values. 


vm  the  P'R E  F  A-C  e; 

"  *  Ntrm  after  readii^  ibis  Pajfagey  IJtaH  Uaffg  it  to  the 
•Publuk  to  judge  as  they  tbinkfitraf  ike  if^riter,  who 
€u>nsihat  he ias  fieti  Mr  HoT>csd^s  Syftemof  Ma- 
thcmaticks  by  his  quoting  it,  and  at  the  fame  time  af- 
'firms  that  be  never  met  vnib  aa.AutbeP..'aiba  made  any 
DiftinHioH  between  Departure  and  Meridional  Diflanet. 
■And  I  hope  ImaybeexcyfedfiriufuiicatiBgthej^bet: 
to  whom  I  have  frofeffed  m-jfelf  fo  much  obliged,  lefi, 
from  my.  Silence  on  this  Head,  it  fiatdd  be  fuffeiied  that 
7  were  guilty  of  the  fame  Error  iabicb  is  ufijujilj  laid  to 
■biiCbarge.       ■-■  -   ' 


THE 


C  J'l 


PUXNGIPLES 
NAVIQATION. 


A-VjiiAXXO  N  is  that  Art 
whereby  we  are  enabled  to  car- 
ry a  Ship  from  one  Pore  to  an- 
otheiu- 

This  Science  depends  upon  ' 
feme  PapM  of  the  Mathema- 
tics, .which  Biuft  be  known 
hfifoK  we  can  treat  of .  ic  j 
therefore  we  fliall  firft  by  down 
the"  pTiadplJiS'of  Ceomeiry. 

B  SECT. 


2  Geometrical  Tropofitims. 

s  E  c  t:   I. 

Ofjucb  Geometrical  Propofitions  as  are  ahfolutely  necef- 

fary  for  ^ AY ic AT  10 vf. 

Art.  i./^EOMETRY  is  that  Science  where- 
vJT  in  we  confider  the  Properties  of  Mig- 

nitude. 

2.  A  Point  is  that  which  is  not  made  up  of  Part5, 
or  which  is  of  itfelf  indivifible,  as  A  # 

3.  A  Line  is  a  Length  without  Breadth,  as  B— 

4.  The  Extremities  of  a  Line  are  Points  ;  as  the 
Extremities  of  the  Line  AB,  are  thcPoints  A  andB. 


3 


5.  If  the  Line  AB  be  the  neareft  Diftance  be- 
tween its  Ejctreams  A  and  B,  then  it  is  cal?d  a  ftrait 
Line,  as  AB  in  the  former  Figure  ;  but  if  it  be  not 
the  neareft  Diftance,  then  it  is  called  a  curve  Line, 
asAB.  . 


6.  A  Surface  is  that  which  is  confidered  as  having 
only  Length  and  Breadth,  but  no  Thicknefs,  as  B, 


B 


_  • 

7.  The  Terms  of  a  Surface  are  Lines. 

8.  A  plain  Surface  is  that  which  lies  equally  be-» 
tween  its  Extremes. 

[^9.  The  Inclination  between  two  Lines  meeting 
one  another,  (provided  they  do  not  make  one  con-' 

tinued 


Geometrical  ^ropofitiansl  j 

tinued  Line)  or  the  Opening  between  them,  is  cal- 
led an  Angle  ;  thus  the  In-  ^\^  ^C 
dination  of  the  Line  A  B 
to  the  Line  CB,  meeting 
one  another  at  B,  or  the 
Opening  between  thfe  two 
Lines  A  B  and  C  B,  is  called  an  Angle. 

lo.  When  the  Lines  forming  the  Angle  are  right 
Lines,  then  it  is  called  a  right  lin'd  Angle,  as  A  ; 
if  one  of  them  be  right  and  the  other  curv'd,  it  is 
called  a  mix'd  Angle,  as  B  ; '  if  both  of  thera  be 
curv'd,  it  is  called  a  curve  lin'd  Angle,  as  C 


\/ 


A 


XI.  If  a  right  Line,  AB,  fall  upon  another  D  C, 
(b  as  to  incline  neither 
to  the  one  fide  nor  to 
the  other,  but  make  the 
Angles  ABD,  ABC  on 
each  fide  equal  to  one  an*- 
other,  then  the  Line  AB 

is  faid  to  be  perpendicular  to  the  Line  P  C  ^  and 
the  two  Angles  are  called  Right  Angles. 

1 2.  An  obtufe  Angle  is  that  which  is  greater  than 
a  right  one,  as  A  ;  and  an  acqtc  Angle,  that  which 
is  lefs  thgn  ^  right  one  as  B. 


B 


13.  If  a  right  Line  DC  be  fattened  atone  of  its 
Ends  C,  and  the  other  End  D, 
be  carried  quite  round,  then  the       /^  ^^ 

Space  comprehended  is  called  a  -p  \  /^  \  jj 

Circles  the  curve  Line  defcribed  ^\ 
by  the  Point  D,  is  called  the  Jg 
Perifery  or  Circumference  of  the 

B  2  Circles 


4  Geometric^  TrQpefititms. 

Circlci;  :the  fiit*d  Foint  C  is  called,  thfe  Ckiler.  off 

'"i4,'.,The  defcriblng  Lifte,  GD,.  is  called  the  Ra- 
dius,  vb^  zx\y  Line  drawn  from  the  Center  to  the 
Circumference ;  whence  all  Radij  of  the  fame  or  c-- 
qual  Circles  are  equal.    - " 

15.  Any  Lintf  draWn  through  the  Center,  and 
ternfijnated  both  ways  by  the  Circumference,  is  cal- 
led a  ,Diamckr^  as  6D  is  a  Diameter  of  the  Circld 
B  A  D,E.  And  the  Diameter  divides  the  Circle  and 
Cirqumftsrcnce  into  twp  equal  Parts,'  arid  is  double 
the  Radius,  ''•:/. 

16.  The  Circumference^of  every  Circle  is  (uppo- 
fed  to  be^  divided  into  360  equal  PaVts,  called  De^ 
grees\  and  each  Degree  is  divided  into  60  equal 
Parts,  called  Minutes  j  and  each  Minute  into  60  e- 
gual  Parts,  called  ^etmds  \  apd  thefe  into  TUndsy 
Fourths^  &q,  thefe  Parts  being  greater  or  lefs  ac^^' 
cording  as  the  Radius  is.  < 

ly.  Any  Part  of  the  Circumference  is. called  an 
Jrcby  or  Jrc  y  and  is  called  an  Arc  of  as  many  De* 
grees  as  it  contains  Parts  of  the  360,  into  which  tha 
Circumference  was  divided:  Thus  if  AD:(ift  the 
former  Figure)  *  be  the  4  of  the  Circumfetence,  then 
the*  i^  re  A  D  h  an  Arc  pf  45  Degrees.  . 

•  18.  'A  Line  drawn  frdpi  one 
•End  of  an  Arc  to  the  other,  is 
^B  calle.d  a  tbordy  and  is  the  mea-^ 
fure  ^)£the  Arc;  thus  the  right 
Line  AB  is  the  Chord  of  the  Arc 
'ADB.  ^        ..  ^-       , 

19.  Any  Part  of  a  Circle  cut  off  by  a  Chord,  ii 
called  a  Segment  \  tHus  the  Space  comprehended  be- 
tween the  Chord  A  B  and  Circumference  A  D  B 
(which  is  cot  off  by  the  Chord  A  B)  is  c^l|^d  a  Seg* 
mcpt,     Whence  it  is  plain,  , . 
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:  i^,  That  all  Chords  divkier  the  Circk  into  two 
-  '^Segments.  -      ' 

.  2i^]f^  The  lefs  the  Chord  is  the  fnore  unequal 
L  .    are  the  S^ments,  f^  e  centra.  -^  -  > 

3^/y,  When  the  Chord  is  greateft^  viz.  when  U 
'       is  a  Dianieteri  then  the  Segments  are  equal, 
vit.  each  a  Semicircle* 

20.  Any  Part  of  a  Circle  (left  than 
a  Semicircle)  contained  between  two 
Radii  and  an  Arc,  is  called  a  Sailor ; 
dvus  the  Space  contained  between  the 
two  Radii,  AC,  B C,  and  the  Arch 
AB,  is'  called  a  Sedor. 

•  • 

.21.  The  ri^t  Sin^  of  any  Arc,  is  a  Line  drawn 
perpendicular  from  one 
end  of.  the  Arc j  to .  a  Dia- 
meter drawn  through  the 
other  end  of  the  fanie  Arc  > 
thus  A  D  is  the  right  Sine 
of  the  Arc  A  fl,  it  being 
a  Line  drawn  from  A,  the 
one  end  of  the  Arc  AB, 
perpendicular  to  C  B,  a 
Diameter -pafling  through 
B,  the  other  end  of  the 
Arc  AB. 

•  Now  the  Sines  ftanding  On  the  fame  Biameter 
ftai'£n,cre'afe  tillthey  come  to  die  Center,  and  then 
Incoming  the  Radius,  it  is  plain  that  the  Radius  E  C 
is  the  gceateft  pofTible  Sine,  and  for  that  reafon  it 
h  called  the  *iobvle*Sme. 

:  Since  the  whole  Sine  EC  miift  be  perpendiculai< 
Id  the  Diameter  F  B  (by  Defd  ii,)  therefore  produ- 
cing the  Diameter  E  G;  the  two  Diameters,  F  B^ 
E  G,  mud:  crofs  one  another  at  right  Angles^  and 
fo  the  Circumference  of. the  Circle  muft  be  divide^ 
by  them  into  four  parts  EB,  BG,  GF,  and  FE,  and 

theft 
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thefe  four  parts  are.  equal  to  one  another  (by.  Def. 
I  i .)  and  fo  EB  a  Quadrant,  or  fourth  part  of  the  Cir- 
cumference ;  therefore  the  Radius  EC  is  always  the 
Sine  of  the  Quadrant,  or  fourth  part  of  the  Circle 
EB. 

Sines  are  faid  to  be  of  fo  many  Degrees,  as  the 
Arch  contains  parts  of  the  360,  into  WUch  the 
Circumference  is  fuppofed  to  be  divided;  fo  die 
Radius  being  the  Sine  of  a  Quadrant,  or  fourth 
part  of  the  Circumference,  which  contains  90  De  - 
grees ;  (the  fourth  part  of  360^  therefore  the  Radius 
muft  be  the  Sine  of  90  Degrees: 

22.  That  part  of  the  Radius  comprehended  be- 
tween the  Extremity  of  the  right  Sine  and  the  lower 
End  of  the  Arch,  viz.  D  B,  is  called  the  verfed  Sine 
of  the  Arch  A  B. 

23.  If  to  any.  Point  in  the  Circumference,  vfe.  B,* 
there  be  drawn  a  Diameter  FCB,  and  from  the 
point  B  perpendicular  to  that  Diameter,  there  be 
drawn  the  Line  BH ;  that  Line  is  called  a  tangent 
to  the  Circle  in  the  point  B ;  which  Tangent  can 
touch  the  Circle  only  in  one  point  B,  elfe  if  it  touched 
it  in  more,  it  would  go  within  it,  and  fo  not  be  a 
Tangent  but  a  Chord  (by  Art.ii.) 

24.  The  Tangent  of  any  Arch  AB,  is  a  right 
Line  drawn  perpendicular  to  a  Diameter  through 
the  one  end  of  the  Arch  B,  and  terminated  by  a  Line 
CAH,  drawn  from  the  Center  through  the  other 
end  A  i  thus  B  H  is  the  Tangent  of  the  Arch  A  B. 

25.  And  the  Line  which  terminates  the  Tangent, 
viz,  CH,  is  called  the  Secant  of  the  Arch  AB. 

26.  What  an  Arch  wants  of  a  Quadrant  is  called 
the  Complement  of  that  Arch ;  thus  A  E  being  what 
the  Arch  A  B  wants  of  the  Quadrant  EB  ;  is  cal- 
led the  Complement  of  the  Arch  A  B. 

27.  And  what  an  Arch  wants  of  a  Semicircle  is 
called  the  Supplement  of  that  Arch  5   thus  lince  A  F 

is 
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is  what  the  Arch  A  B  wants  of  the  Semicircle  BAF, 
it  is  called  the  Supplement  of  dife  Arch  A  B. 

28.  The  Sine,  Tangent,  £s?^.  of  the  Complement 
of  any  Arch,  is  called  the  Co- Sine,  Co-Tangent,  ^^i 
of  that  Arch  5  thus  the  Sine,  Tangent,  ^c.  of  the 
Arch  AE  is  called  the  Co-Sine,  Co-Tangent,  fcfr. 
oftheArchAB. 

29.  The  Sine  of  the  Supplement  of  an  Arch  is  the 
fame  with  the  Sine  of  the  Arch  itfelf,  for  drawing 
theni  according  to  the  Definitions,  there  refults  the 
felf  fame  Line. 

30.  A  right  lin^d  Angle  is  meafured  by  an  Arch 
of  a  Circle  defcribed  up- 

CHi  the  angular  Point  as  J) 

a  Center,  comprehend-  -^y^      T^N.  x« 

ed  between  the  two  Legs  /\.  I    ^« 

that  form   the   Angle  \      r\f     \       / 
thus  the  Angle  A  B  D  is      ^^         \  / 
meafured  by  the  Arch  vB 

AD  of  the  Circle  CADE 

that  is  defcribed  upon  the  point  B  as  a  Center ;  and 
the  Angle  is  faid  to  be  of  as  many  Degrees  as  the 
Arch  is  ;  fo  if  the  Arch  AD  be  45  Degrees,  then 
the  Angle  ABD  is  faid  to  be  an-Angleof  45  De- 
grees. ^ 

Hence  Angles  are  greater  or  lefs  according  as 
the  Arch  defcribed  about  the  angular  Point,  and 
terminated  by  the  two  Legs,  contain  a  greater  or 
lefs  Number  of  Degrees. 

31.  When  one  Line  falls  perpendicularly  on  an* 
other,  ('as  A  B  on  C  D; 
then  theAngles  are  right ; 
(by  the  nth) and  defcri- 
bing  a  Circle  on  the  Cen- 
ter B,  fince  the  Angles 
ABC,  ^B Dare  equal, 
their  meafures  jnuft  be  fo  too,  1.  e.  the  Arches  A  C, 
AD  mull  be  equal  5  but  the  whole  C  A  D  is  a  Se- 
micircle 
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inidrcle,  firtce  COk;^  M^  |?^iiS  through  jtfifl 
Center  Bj  is  a^Pijincifr*  therefore  pach  of  tii?  p^t? 
ACt  AD  is  a  Q^^dr^t,  le.  90  Qegiieesi  fp  the 
locafure  of  .a  right  Aiigjc  is  ajways  90  .Degrees.  , 
:    gi.,  If  otieliiflc  A B  fall  toy  v*y  i^pou  anofJ^efj 

CPi/d^^  the  Sipfi  of 
the  two  Angle?  A  B  Q^ 
ABP  is  always  equal 
rptheSym  of  t^^righj 
:/;...,:■...    .Angles.     FoT:  ppr  :^ 
point  B,  defcrlbing  the  Circle  CAD,  ic  is  pl^fli 
.  ttet\GAp:ifc  aScimcifGle  (by  1-5  eh)  5  but  QAD 

is  equal  to  CA  and  AD  the  meafures  of  the  tw© 
Angles;  therefore  the  Sum  of  the  two  Angles  ^3 
equal  to  a  Semicirqle,  that  is,  to  twp  rigl\t  Angles 
(by  the  laft). 

Cor.  I .  From  whence  it  is  plain,  that  all  th^  Arj- 
gles  which  can  be  made  from  a  point  in  any  JUne,* 
towards  one  fide  of  the  Linej  arc  equal  to  two  righ^ 
Angles. 

:  2,.  ^nd  that  ali  thp  Angles  which  can  be  tti^diej 
'  aboujt  a  Pointy  are  equal  to  foyr  right  ones. 

33.  If  one  Line  AC  crofs  another  B  D  in  t^ 

Point  E,  then  the  oppofite  Aogjei 
are  equal,  •yiz,  BE  A  to  CED^  and 
REG  equal  to  A  E  D.  For  upon 
the  point  Ej  as  a  Center,,  defcrib* 
ing  the  Circle  A  B  C  P.,  it.is  plain 
ABC  is  a  Sc^micircle,  as  alfo 
BCD  (by  15th)  therefore  the  Arch  ABC  is  jcqual 
to  the  Arch  BCD';  ahd  from  both  taking  the  comi 
mon  Arch  BC,  there  will  rpmain  AB  equal  to  CD, 
i.  e.  the  Angle  Bl^  A  equal  to  the  Angle  CED 
(\yy  Art.  30.)i  After  the. fame  manner  we  may 
prove,  that  the  Angle  *B  B^  C  is  equal  to  the  An- 
gle AED. 

34.  Lines 


^ ' 
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34.  Lines  which  are 
equally  diftant  from 
one  another  are  called 
Parallel  Lines  s  as  A  B. 
CD. 


A 


B 


C 


D 


is.  If  a  Line  GH  crofs  two  Parallels  WV  B,  QD, 
then  the  external  Angles  are  equal,  viz.  tx  E  B  e- 
qual  to  CF  H  and  AEG  equal  to  HFD,  For 
fince  A  B  and  C  D  are  parallel  to  one  another,  they 
may  be  confidered  as  one  broad  Line,  and  G  H 
crofling  it;  then  the  vertical  or  oppofi'te  Angles 
GEB,  CFH  are  equal  ^by  the  33d)  as  alfo  AEG 
and  H  F  D  by  the  fame. 

Z6.  If  a  Line  G  H  crofe  two  Parallels  AB,  C  D 
then  the  alternate  An- 
gles, viz.  A  E  F  and 
EFD,  orCF£and 
FEB  are  equal ;  that 
is,  the  Angle  A  E  F 
is  equal  to  the  Angle 
EFD,  and  the  An- 
gle  CFEis  equal  to 
the  Angle  FEB,  for 
GEB  is  equal  to  AEF  fby  the 33d.)  and  CFH  is 
equal  to  E  F  D  by  the  fame,  but  G  E  B  is  equal  to 
C  F  H  by  the  laft.  Therefore  A  E  F  is  equal  to 
EFD;  the  fame  way  we  may  prove  FEB  equal 
to  EFC.  ^ 

37.  If  a  Line  G  H  crofs  two  parallel  Lines  A  E, 
CD,  then  the  external  Angle  GEB  is  equal  to 
the  internal  oppofite  one  EFD,  or  GE  A  equal  to 
CF  E.  For  the  Angle  A E  F  is  equal  to  the  Ano-le 
EFD  by  the  laft  5  but  AEF  is  equal  GEB  (by 
the33d;  therefore  GEB  is  equal  to  EFD;  the 
iame  way  we  may  prove  AEG  equal  to  CFE. 


33.  If 


\ 
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38.  If  a  Line  GH  crofs  two  parallel  Lines  AB, 
CD,  then  the  Sum  of  the  two  internal  Angles,  viz, 
BEF  and  DFE,  or  AEF  and  CFE  are  equal  to 
two  right  Angles  -,  for  fince  the  Angle  G  E  B  is  e- 
qual  to  the  Angle  E  F  D  (by  the  laft)  to  both  add 
the  Angle  FEB,  then  GEB  and  BEF  are  equal 
to  BEF  And  DFE;  but  GEB  and  BEF  arc  e- 
qual  to  two  right  Angles  (by  the  3  2d)  therefore 
BEF  and  D  FE  are  alfo  equal  to  two  right  Angles. 
The  fame  way  we  may  prove  that  AEF  and 
CFE  are  equal  in  two  right  Angles. 

39.  A  Figure  is  any  part  of  Space  bounded  by 
Lines  or  a  Line.  If  the  bounding  Lines  be  ftreight, 
it  is  called  a  ReSlilineal  Figure  as  A;  if  they  be 
curved,  it  is  called  a  curvilineal  Figure  as  B  or  C  ; 
if  they  be  partly  curve  Lines  and  partly  ftreight,  it 
is  called  a  mixt  Figure  as  D. 


40.  The  moft  fimple  refti- 
lineal  Figure  is  that  which  is 
bounded  by  three  right  Lines, 
and  is  called  a  Triangle^  as  A. 

41.  Triangles  are  divided  into  different  kinds, 
both  with  reiped  to  their  Sides  and  Angles  :  with 
refpefl:  to  their  Sides  they  are  commonly  divided 
into  three  kinds,  viz. 

42.  A  Triangle  having  all  it*s  thrce^  Sides  equal 
to  one  another,  is  called  an  Equilateral  Triangle^  as  A. 

43.  A  Triangle  having  two  of  it*s  Sides  equal  to 
one  another,  and  the  third  Side  not  equal  to  either 
of  them,  is  called  an  Ifofceles  Triangle^  as  B. 

44.  A  Triangle  having  none  of  it*s  Sides  equal 
to  one  another,  is  called  a  Scalene  Triangle^  as  C. 

45*  Tri- 
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45.  Triangles,  with  refpeft  to  their  Angles,  arc 
divided  into  three  different  kinds,  viz. 

46.  A  Triangle  having  one  of  it's  Angles  right, 
is  called  a  Rigbt-Angled-Triangle^  as  A. 

47.  A  Triangle  having  one  of  it's  Angles  obtufe, 
or  greater  than  a  right  Ang^p,  is  called  an  Obtufe- 
AngledrTriangle^  as  B. 

48.  Laftly,  a  Triangle  having  all  it's  Angles  a- 
cute,  is  called  an  Acute- An^d-Triangle^  as  C. 


49.  In  all  right  angled  Triangles,  the  Sides  com- 
prehending  the  right  Angle  are  ^ 
called  the  Legs,  and  the  Side  op- 
pofite  to  the  right  Angle  is  called 
the  Hypotbenufe.  Thus  in  the  right 
angled  Triangle  ABC  (the  right  B* 
Angle  being  at  B;  the  two  Sides  AB  and  BC  which 
comprehend  the  right  Angle  ABC,  are  the  Legs 
of  the  Triangle,  and  the  Side  A  C,  which  is  op- 
pofite  to  the  right  Angle  A  B  C,  is  the  Hypothenufe 
of  the  right*angled-Triangle  ABC. 

50.  Both  obtufe  and  acute  angled  Triangles  are 
in  general  called  Oblique-Angted'Triangles ;  in  all 
which  any  Side  is  called  the  Bafe^  and  the  other  two 
the  Sides. 


C  2 


51.  Th« 
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51.  The  perpendicular  Height  of  any  Triangle 

is  a  Line  drawn  from  the 
Vertex  to  the  Bafe  per- 
pendicularly ;  thus  if  the 
Triangle  ABC  be  pro- 
pofed,  and  RC  be  made 
it's  Bafe,  then"^  will  be 
the  Vertex,  viz.  The  Angle  oppofite  to  the  Bafe ; 
and  if  from  A  you  draw  the  Line  A  D  perpendi- 
cular to  B  C,  then  the  Line  A  D  is  the  Height  of 
the  Triangle  ABC  ftanding  on  B  C  as  it's  Bafe. 

Hence  all  Triangles  ftanding  between  the  fame 
Parallels  have  the  fame  Height,  fince  all  the  Per- 
pendiculars are  equal  by  the  Nature  of  Parallels. 


^  52.  A  Figure  bounded  by 
four  Sides  is  called  a  ^adri- 
lateral  or  Sfuadrangular  Figure^ 

])  asABDC 

53.  Quadrilateral  Figures  whofe  oppofite  Sides 
are  parallel,  are  called  Parallelograms.  Thus  in  the 
quadrilateral  Figure  ABDC,  if  the  Side  AC  be 
parallel  to  the  Side  BD  which  is  oppofite  to  it, 
and  AB  be  parallel  to  CD,  then  the  Figure 
ABDC  is  called  a  Parallelogram. 

54.  A  Parallelogram  having  all  it's  .Sides  equal 
and  Angles  right,  is  called  a  Square ;  as  A. 

55.  That  which  hath  only  the  oppofite  Sides  e- 
qual  4nd  it's  Angles  right,  is  called  a  Re5langle ;  as  B, 

56.  That  which  hath  equal  Sides  but  oblique 
Angles,  is  called  a  Romhus^  as  C  5  and  is  juft  an 
inclinM  Square, 


51.  That 
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57.  That  which  hath  only  the  oppofite  Sides  e- 
qual  and  the  Angles  oblique,  is  called  a  Romhoides^ 
as  D  ;  and  may  be  cooceired  as  an  inclined  Rect- 
angle. 


A   , 

1 

B 

58.  When  none  of  the  Sides  are  parallel  to  an- 
other, then  the  quadrilateral  Figure  is  called  a 
Trapezium. 

59.  Every  other  right-lined  Figure,  that  has 
more  Sides  than  four  is  in  general  called  a  Polygon. 
And  Figures  are  called  by  particular  Names  ac- 
cording to  the  number  of  their  Sides,  viz.  One  of 
five  Sides  is  called  a  Pentagon^  of  fix  a  Hex  agon  j  of 
feven  a  Heptagon^  and  fo  on.  When  the  Sides  form- 
ing the  Polygon  are  equal  to  one  another,  the  Fi- 
gure is  called  a  regular  Figure  or  Polygon. 

60.  In  any  Triangle  ABC,  one  of  it's  Legs,  as 
B  C,  being  produced  towards  D,  the  external  An- 
gle A  C  D  is  equal  to  both  the  internal  oppofite 
ones  taken  together,  viz.  to  ABC  and  BAG. 
In  order  to  prove  this,  through  C  draw  CE  parallel 
to  A  B  -,  then  fince  C  E  is  parallel  to  A  B  and  A  C 
croffeth  them,  the  Angle  E  C  D  is  equal  to  A  B  C 
(by  the  37th;  and  the  Angle  ACE  equal  to  CAB 
(hy  the  36th)  therefore  the  Angles  EC  D  and  EC  A 
are  equal  to  the  Angles  ABC  and  CAB ;  but  the 
Angles  ECD  and  EC  A  are  together  equal  to  the 
Angle  A  C  D  •,  therefore  the  Angle  A  C  D  is  equal 
to  both  the  Angles  ABC  and  CAB  taken  together* 


60.  la 
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.  6r.  In  any  Triangle  ABC  all  the  three  Angles, 
taken  together  are  equal  to  two  right  Angles.  Tp 
prove  this  you  muft  produce  B  C,  one  of  it's  Legs, 
to  any  diftance,  fuppofe  to  D ;  then  by  the  laft 
Propofition,  the  external  Angle,  A  C  D,  is  equal 
to  the  Sum  of  the  two  internal  oppofite  ones  CAB 
and  ABC;  to  both  add  the  Angle  ACB,  then 
the  Sum  of  the  Angles  A  CD  and  ACB  will  be  e- 
qual  tot^  Sum  of  the  Angles  CAB  and  CB  A 
and  A  CTB.  But  the  Sum  br  the  Angles  A  C  D  and 
ACB,  is  equal  to  two  right  ones  (by  the  32d^ 
therefore  the  Sum  of  the  three  Angles  C  A  B  and 
C B  A  and  ACB,  is  equal  to  two  right  Angles ; 
that  is,  the  Sum  of  the  three  Angles  of  any  Tri- 
angle ACB  is  equal  to  two  right  Angles. 

Cor.  I.  Hence  in  any  Triangle  given,  if  one  of 
it*s  Angles  be  known,  the  Sum  of  the  other  two  is 
alfo  known ;  for  fince  by  the  laft,  the  Sum  of  all 
the  three  is  equal  to  two  right  Angles,  or  a  Semi* 
circle,  it  is  plain,  that  taking  any  one  of  them 
from  a  Semicircle  or  i8o  Degrees,  the  Remainder 
will  be  the  Sum  of  the  other  two.  Thus  (in  the 
former  Triangle  ABC;  if  the  Angle  ABC  be 
40  Degrees,  by  taking  40  from  180  we  have  14JO 
Degrees ;  which  is  the  Sum  of  the  two  Angles  BAC, 
ACB,  the  converfe  of  this  is  alfo  plain,  vvz.  The 
the  Sum  of  any  two  Angles  of  a  Triangle  being 
given,  the  other  Angle  is  alfo  known  by  taking 
that  Sum  from  180  Degrees. 

2.  In  any  right  angled  Triangle,  the  two  acute 
Angles  muft  juft  make  up  a  right  one  between 
them ;  confequently,  any  one  of  the  oblique  Angles 
being  given  we  may  find  the  other  by  fubtrafting 
the  given  one  from  90  Degrees,  which  is  the  Sum 
of  both. 


to 
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62.  If  ih  any  two  Triangles»  A  B  C,  D  E  F,  two 
J^egs  of  the  one,  viz. 
A  B  and  A  C,  be  e- 
qual  to  two  Legs  in 
the  other,  viz.  to 
D  E  and  D  F,  each  ^ 
to  each  re(jpe6kivcly,  " 
1  ^.  A  B  to  D  E  and  A  C  to  D  F  ;  and  if  the  An- 
gles included  between  the  equal  Legs  be  equal, 
viz.  the  Angle  B  A  C  equal  to  the  Angle  E  D  F ; 
then  I  fay,  that  the  remaining  Leg  of  the  one  Ihall 
be  equal  to  the  remaining  Leg  of  the  other,  vizs 
BC  to  EF;  and  the  Angles  oppofite  to  equal 
Legs  Ihall  be  equal,  viz.  ABC  equal  to  DEF 
(being  oppofite  to  the  equal  Legs  A  C,  and  D  F) 
alfo  ACB  equal  to  DFE  (which  are  oppofite 
to  the  equal  Legs  A  B  and  D  E)  for  if  the  Tri- 
angle A  B  C  be  fuppofed  to  be  lifted  up  and  put 
upon  the  Triangle  DEF,  and  the  point  A  on  the 
point  D  •,  it  is  plain  fince  B  A  and  D  E  are  of  e- 
qual  length,  the  point  E  will  fall  upon  the  point 
B  ;  and  fince  the  Angles  B  A  C,  E  D  F  are  equal, 
the  Line  AC  will  fall  upon  the  Line  DF,  and  they 
being  of  equal  length,  the  Point  C  will  fall  upon 
the  Point  F,  and  fo  the  Line  B  C  will  exadly  a- 
gree  with  the  Line  E  F,  fo  the  Triangle  ABC  will 
in  all  refpefts  be  exaftly  equal  to  the  Triangle 
DEF;  and  the  Angle  ABC  will  be  equal  to  the 
Angle  DEF,-  alfo  the  Angle  ACB  will  be  e- 
qual  to  the  Angle  DFE. 

63.  Any  Angle,  as  BAD,  at 
the  Circumference  of  a  Circle 
BADE,  is  but  half  the  Angle 
B  C  D  at  the  Center  {landing  on 
the  fame  Arch  BED.  To  de- 
monftrate  this,  draw  through  A 
and  the  Center  C,  the  right  Line 
ACE,   then  the  Angle  ECD  is 
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equal  to  both  the  Angles  D  A  C  and  ADC  (by 
the  6oth) ;  but  fince  A  C  and  C  D  are  equal  (being 
'  two  Radii  of  the  fame  Circle^  it  is  plain  the  Angles 
lubtended  by  them  muft  be  equal  alfo,  u  e.  the 
Angle  CAD  equal  to  the  Angle  C  D  A,  therefore 
the  Sum  of  them  is  double  any  one  of  them,  i.  e. 
D  AC  and  A  R  C  is  double  of  C  A  D,  and  therefore 
E  C  D  is  alfo  double  of  D  A  C  ;  the  fame  way  it 
maybe  proved,  that  E CB  is  double  of  CAB,  and 
therefore  the  Angle  B  C  D  is  double  of  the  Angle 
BAD,  or  BAD  the  half  of  BCD  which  was  to 
be  proved. 

Cor.  I .  Hence  an  AngFe  at  the  Circumference  is 
meafured  by  half  the  Arch  it  fubtends,  for  the 
Anglfe  at  the  Center  (ftanding  on  the  fame  Archj 
is  meafured  by  the  whole  Arc  (by  the  3othj ;  but 
fince  the  Angle  at  the  Center  is  double  that  at  the 
Circumference,  it  is  plain  the  Angle  at  the  Circum- 
ference muft  be  meafured  by  only  half  the  Arch 
it  ftands  upon. 

Cor.  2.  Hence  all  Angles, 
ACB,  ADB,  AEB,  (sfc.  at 
.the  circumference  of  a  Circle^ 
ftanding  on  the  fame  Chord 
AB,  are  equal  to  one  another; 
for  by  the  laft  Corollary  they 
__  are  all  meafured  by  the    fame 

Arc,  viz.  half  the  Arc  A  B  which  each  of  them 
fubtends. 

Cor.  3.  Hence  an  Angle  in  a  Segment  greater 
than  a  Semicircle  is  lefs  than  a  right  Angle  ;  thus 
if  ADB  be  a  Segment,  greater  than  a  Semicircle, 
(fee  the  laft  Figure)  then  the  Arch  AB,  on 
whicji  it  ftands,  muft  be  lefs  than  a  Semicircle, 
and  the  half  of  it  lefs  than  a  Quadrant  or  a  right 
Angle;  but  the  Angle  ADB  in  the  Segment, 
is  meafured  by  the  half  of  A  B  ;  therefore  it  is  lefs 
tliana  right  Angle, 

C(>r.  4. 
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Cor.  4.  An  Angle  in  a  Se- 
micircle is  a  right  Angle.  For 
fince  A  B  D  a  Semicircle,  the 
Arc  A  E  D  muft  alfo  be  a  Se- 
micircle ;  but  the  Angle  ABD 
is  meafured  by  half  the  Arc 
A  E  D,  that  is,  by  half  a  Se- 
micircle or  Quadrant ;  there- 
fore the  Angle  ABD  is  a  right  one. 

Cor.  5.  Hence  an  Angle  iq  a  Segment  lefs  than  a 
Semicircle,  as  A  B  D,  is  great- 
er than  a  right  Angle :  for  fince 
the  Arch  ABD  is  lefs  than  a 
Semicircle,  the  Arch  AED 
muft  be  greater  than  a  Semi-- 
circle,  and  fo  it's  half  greater 
than  a  Quadrant,  /.  e.  than  the 
meafure  of  a  right  Angle ; 
therefore  the  Angle  ABD,  which  is  meafured  by 
half  the  Arch  AED,  is  greater  than  a  right  Angle. 

64.  If  from  the  Center  C  of  the  Circle  ABE, 
there  be  let  fall  the  Perpendicular  CD  on  the  Chord 
AB,  then  that  Perpendicular  will  bifeft  the  Chord 
AB  in  the  Point  D.  To  demonftrate  this,  draw 
from  the  Center  to  the  Extremities  of  the  Chord  the 
two  Lines  C  A,  CB ;  then  fince  the  Lines  C  A  and 
CB  are  equal,  the  Angles  CAB,  CB  A,  which  they 
fubtend  muft  be  equal  alfo  >  but  the  Perpendicular 
CD  divides  the  Triangle  ACB  into  two  right  an- 
gled Triangles  A  CD  and  CD  B,  in  which  the  Sum 
of  the  Angles  A  C  D  and 
jCAD  in  the  one,  is  equal  to 
the  Sum  of  the^ Angles  D  CB 
and  C  B  D  in  the  other,  each- 
being  equal  to  a  right  Angle, 
(\yf  Cor.  2.  of  Art.  6i.j  but 
C  A  D  is  equal  to  C  B  D, 
therefore  A  CD  is  equal  to  BCD.     So  in  the  two 

D  Triangles 
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Triangles  A  C  D  and  BCD,  the  two  Legs  A  C  and 
C  D  in  the  one  are  equal  to  the  two  Legs  B  C  and 
C  D  ia  the  other,  each  to  each  refpeftively,  and  the 
included  Angles  A  C  D  and  BCD  are  equal ;  there- 
fore the  remaining  Legs  A  D  and*  B  D  are  equal 
(by  the  62d)  and  confequently  A  B  bifefted  in  D., 

65.  If  from  the  Center  C  of  a  Circle  ABE,  there 
be  drawn  a  Perpendicular  CD  on  the  Chord  AB, 
and  produced  till  it  meet  the  Circle  in  F,  then,  I 
fay,  the  Line  CF  bifqfts  the  Arch  AB  in  the  Point 
F  ;  for  (fee  the  foregoing  Figure)  joining  the  Points 
A  and  F,  F  and  B  by  the  ftreight  Lines  A  F,  F  B, 
then  in  the  Triangles  A  D  F,  B  D  F,  A  P  is  equal  to 
DB  fby  the  laft^  and  DF  common  to  both  5  therefore 
A  D  and  D  F  two  Legs  of  the  Triangle  A  DF,  are 
equal  to  BD  and  DF  two  Legs  of  the  Triangle 
BDF,  and  the  included  Angles  A  D  F,  B  D  F  are 
equal,  being  both  right  5  therefore  (by  the  6%6) 
the  remaining  Legs  AF  and  FB  are  equal,  but  in 
the  fame  Circle  equal  Lines  are  Chords  of  equal 
Arches,  therefore  the  Arches  AF  and  FB  are  e- 
qual.  So  the  whole  Arch  AFB  is  bifedted  in  the 
Point  F  by  the  Line  CF.^ 

Cor.  I .  From  the  64th  it  follows,  that  any  Line 
bifefting  a  Chord  at  right  Angles  is  a  Diameter ; 
for  fince  (by  the  64th)  a  Line  drawn  from  the  Cen- 
ter perpendicular  to  a  Chord  bifedls  that  Chord  at 
right  Angles,  therefore  converfly  a  Line  bifefting 
a  Chord  at  right  Angles,  muft  pafs  thrp*  the  Center 
and  confequently  be  a  Diameter. 

Cor,  2.  From  the  two  laft  it  follows,  that  the  Sine 
of  any  Arch  is  the  half  of  the  Chord  of  twice  the 
Arc ;  for  (fee  the  foregoing  Scheme)  A  D  is  the  Sine 
of  the  Arc  AF,  by  the  Definition  of  a  Sine,  and 
AF  is  half  the  Arc  AFB,  and  AD  half  the  Chord 
A  B  (by  the  64th)  ;  therefore  the  Cor.  is  plain. 

66.  In  any  Triangle,  the  half  of  each  Side  is  the 
Sine  of  the  oppofite  Angle  j  for  if  a  Circle  be  fuppo- 

fed 
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fed  to  be  drawn  thro*  the  three  angular  Points  A, 

B,  and  D  of  the  Triangle  A  B  D  ;  then  the  Angle 

D  AB  is  meafured  by  half  the  Arch  B  K  D  (by  Cor. 

I  of  Art.  63  d)  ;  but  the  half  of  BD,  viz.BK  is  the 

Sine  of  half  the  Arch  BKD,i;/2. 

the  Sine  of  B  K  (by  Cor,  2.  of 

the  laft)  which  is  the  mcafure 

of  the  Angle  BAD;  therefore  Aj 

the  half  of  BD  is  the  Sine  of 

the  Angle  BAD;    the  fame 

way  it  may  be  proved,  that  the 

half  of  A  D  is  the  Sine  of  the 

Angle  A  B  D,  and  the  half  of  A  B  is  the  Sine  of  the 

Angle  A  D  B. 

By.  The  Sine,  Tangent,  &c.  of  any  Arch  is  cal- 
led alfo  the  Sine,  Tangent, 
6fr.  of  the  Angle  whofe  mea- 
fure  the  Arch  is ;  thus  becaufe 
the  Arch  GD  is  the  meafure 
of  the  Angle  G  C  D,  and  fince 
G  H  is  the  Sine,  DE  the  Tan- 
gent,  HD  the  verfed  Sine,  Aj 
C  E  the  Secant,  ^  alfo  G  K  the 
Co-Sine,  BF  the  Co-Tangent, 
and  C  F  the  Co-Secant,  &f r. 
of  the  Arch  G  D  ;  then  G  H  is  called  the  Sine,  D  E 
the  Tangent,  ^c.  of  .the  Angle  GCD  whofe  meafure 
is  the  Arch  GD. 

^68.  If  two  equal  and  parallel  Lines,  AB  and 
.CD,  be  joined  by  two  others,  A  C  and  B  D  ;  then 
thefe  fhall  alfo  be  equal  and  parallel.  To  demon- 
ftrate  this,  join  the  two  oppofite  Angles  A  and  D 
with  the  Line  A  D  ;  then  it  is  plain  this  Line  A  D 
divides  the  Quadrilateral,  ACDB,  into  two  Tri- 
angles, viz.  ABD,  A  CD,  in  which  AB,  a  Leg 
of  the  one,  is  equal  to  D  C  a  Leg  of  the  other  by 
Suppofition,  and  A  D  is  common  to  both  Tr jangles ; 
and  fmce  A B  is  parallel  to  CD,  the  Angle  BAD 

D   2  will 
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will  be  equal  to  the  Angle  ADC,  (by  Art.  36.) 
therefore  in  the  two  Triangles,  B  A,  and  A  D, 
and  the  Angle  BAD,  is  equal  to  C  D-  and  D  A, 
and  the  Angle  ADC,  that  is,  two  Legs  and 
the'  included  Angle  in  the  one,  .is  equal  to  two 
Legs  and  the  included  Angle  in  the  other ;  (by 
A  -p   the  62d)  fo  B  D  is  equal  to 

^^""^  '^    AC,   and  the  Angle  DAC 

is  equal  to  the  Angle  A  D 
B,  therefore  the  Lines  B  D, 
A  C  are  both  equal  and 
parallel. 

Cor.  I.  Hence  it  is  plain,  that  the  Quadrilateral 
ABDC  is  a  Parallelogram,  fince  the  oppofite  Sides 
are  Parallel. 

Cor.  2.  In  any  Parallelogram  the  Line  joining 
the  oppofite  Angles  {"called  the  Diagonal^  as  A  D, 
divides  the  Figure  into  two  equal  parts,  fince  it 
has  been  proved  that  the  Triangles  A BD,  A  CD 
are  equal  to  one  another, 

C^r.  3.  It  follows  alfo,  that  a  Triangle  A  CD 
on  the  fame  Bafe  CD,  and  between  the  fame  pa- 
rallels with  a  Parallelogram  ABDC,  is  the  half  of 
that  Parallelogram. 

Cor.  4.  Hence  it  is  plain,  that  the  oppofite  fides 
of  a  Parallelogram  are  equal  ;  for  it  has  been  pro- 
ved that;  ABDC  being  a  Parallelogram,  AB  will 
be  equal  to  C  D  and   AC  equal  to  B  D. 

69.  All  Parallelograms  on  the  fame  or  equal 
Bafes,  and  between  the  fame  Parallels,  are  equal 
to  one  another  ;  that  is,  if  B  D  and  G  H  be  equals 
and  the  Lines  B  H  and  A  F  be  parallel,  then  the 
Parallelograms  A B D  C,  BDFE,  and  EFHG 
are  equal  to  one  another.  For  A  C  is  equal  to  E  F 
each  being  equal  to  B  D  (by  Cor.  4.  of  68.^  To  bodi 
add  C  E,  then  AE  will  be  eqi^al  to  CF.  80  in  the 
two  Triangles  ABE,  CDF;  AB,  a  Leg  of  the 
pne,  js  ^qual  tp  CD,  a  Leg  in  the  other  5  and  AE  is 

equal 
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equal  to  CF,  and  the  Angle  £AE  is  equal  the  Angle 
DCF  (by  the  37th)  5   therefore  the  two  Triangles 
ABE,  CDF  are  equal  (by  the  626)  ;   and  takihg 
the  Triangle  CKE  from  both,  the  Figure  ABKC 
will  be  equal  to  the  Figure  K  D  F  E ;  to  both  which 
add   the  little  Triangle  KBD,  then  the  Parallcr 
logram  ABD  C  will  be  equal  to  the  Parallelogram 
BDFE.   The  fame 
way  it  may  be  pro- 
ved, that  the  Paral- 
lelogram E  F  H  G  is 
equal  to  the  Paralle- 
logram E  F  D  B  •,  fo 
three  Parallelograms 
ABDC,  BDFE,  and  EFHG  will  be  equal  to 
one  another. 

Cor.  Hence  it  is  plain,  that  Triangles  on  the  fame 
Bafe,  and  between  the  fame  Parallels,  are  equal ; 
fince  they  are  the  half  of  the  Parallelograms  on  the 
fame  Bafe  and  between  the  fame  Parallels. 

70.  In  any  right  angled  Triangle,  ABC,  the 
Square  of  the  Hypothenufe  BC,  viz.  BCMH  is  e- 
qual  to  the  Sum  of  the  Squares  made  on  the  two 
Sides  A B  and  AC,  viz.  to  ABDE  and  ACGF. 
To  demonftrate  this,  thro'  the  Point  A  draw  AKL 
perpendicular  to  the  Hypothenufe  B  C,  join  A  H,. 
AM,  DC,  an(|  B  G ;  then  it  is  plain  that  DB  is  equal 
toB  A  (by  the  54th),  alfo  BH  is  equal  to  BC  (by  the 
fame) ;  fo  in  the  two  Triangles  D  B  C,  A  B  H  the 
two  Legs  DB  and  BC  in  the  one,  are  equal 
to  the  two  Legs  AB  and  BH  in  the  other ;  and 
the  included  Angles  DBC  and  ABH  are  alfo  e- 
qual  i  ffor  D  B  A  is  equal  to  C  B  H  being  both 
right ;  to  both  add  ABC,  then  'tis  plain  that  D  B  C ^ 
is  equal  to  ABH)  therefore  the  Triangles  DBC, 
ABH  are  equal  (by  the  6 2d),  but  the  Trian- 
gle DBC  is  half  of  the  Square  ABDE  (by 
Cor.  ^,  of  68thj  and  the  Triangle  ABH  is  half 
the  Pallclogram  B  K  L  H  (by  the  fame),  therefore 

half 
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half  the  Square  ABDE  is  equal  to  half  the  Parallelo- 
gram B  K  L  H.  Confequently  the  Square  A  B  D  E  is 
equal  to  the  Parallelogram  BKLH.  The  fame  way 
it  may  be  proved,  that  the  Square  A  C  G  F  is  equal 

to  the  Parallelogram  K 
CML.    So  the    Sum 
^  of  the  Squares  ABDE 
G '  and  ♦  A  C  G  F  is  equal 
the  Sum  of  the  Paralle- 
lograms BKLH  and 
KCML;  buttheSum 
of  thefe  Parallelograms 
is  equal  to  the  Square  B 
CMH,   therefore  the 
Sum  of  the  Squares  on 
A  B  and  A  C  is  equal  to 
the  Square  on  B  C. 

Cor.  I .  Hence  in  a  rightangled  Triangle,  the  Hy- 
pothenufe  and  one  of  the  Legs  being  given,  we 
may  eafily  find  the  other,  by  taking  the  Square  of 
the  given  Leg  from  the  Square  of  the  Hypothenufe, 
and  the  fquare  Root  of  the  Remainder  will  be  the 
Leg  required. 

Cor.  2.  Hence,  the  Legs  in  a  rightangled  Tri- 
angle  being  given,  we  may  find  the  Hypothenufe, 
by  taking  the  Sum  of  the  Squares  of  the  given  Legs, 
and  extracting  the  fquare  Root  of  that  Sum. 

71  If  upon  the  Line  AB  there  be  drawn  a  Semi* 
circle  A  D  B,  whofe  Center  is  C,  and  on  the  Point 
C  there  be  raifed  a  Perpendicular  to  the  Line  A  B, 
viz.  CD  -,  then  *tis  plain  the  Arch  DB  is  a  Quadrant, 
or  contains  90  Degrees  ;  fuppofe  the  Arch  DBtobe 
divided  into  9  equal  Arches,  each  of  which  will 
contain  10  Degrees,  then  on  the  Point  B  raifing 
]BE  perpendicular  to  the  Line  AB,  it  will  be  a 
Tangent  to  the  Circle  in  the  Point  B,  and  if  to  e- 
yery  one  of  the  Divifions  of  the  Quadrant,  viz.  B 
JO,  B  20,  B  30,  B  40,  £s?r,  you  draw  the  Sine,  Tan- 
gent, 
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gent,  ^c.  (as  in  the  Scheme)  we  fhall  have  the  Sine, 
Tangent,  ^c.  to  every  ten  Degrees  in  the  Qua- 
drant ;  and  the  fame  way  we  may  have  the  Sine, 
Tangent,    i^c.    to  every    finglc    Degree  in  the 

Quadrant,^ 


*. 
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Quadrant,  by  dividing  it  into  90  eqtial  Parts  be- 
ginning from  B,  and  drawing  the  Sine,  Tan- 
gent, ^c.  to  all  the  Arches  beginning  at  the;  fame 
Point  B.  By  this  Method  they  draw  the  Lines  of 
Sines,  Tangents,  ^c.  of  a  certain  Circle  on  the  Scale  5 
for  after  drawing  them  on  the  Circle  they  take  the 
Length  of  them,  and  fet  them  ofFin  the  Lines  drawn 
for  that  purpofe.  The  fame  way,  by  fuppofing  the 
Radius  of  any^  Number  of  equal  Parts,  (fuppofc 
1000,  or  10,000,  £5?r.)  'tis  plain  the  Sine,  Tangent, 
(£c.  of  every  Arc  muft  cohfift  of  fome  Number  of 
thefe  equal  Parts,  and  by  computing  them  in  parts 
of  the  Radius,  we  have  Tables  of  Sines,  Tangents, 
tfr.  to  every  Arch  in  the  Quadrant,  called  Natural 
Sines,  Tangents,  i^c.  and  the  Logarithms  of  thefe 
gives  us  Tables  of  Logarithmic  Sines,  Tangents,  fcfr. 

To  underftand  the  Nature  of  which,  and  the  Me- 
thod of  ufing  them,  you  muft  know  that  Logarithms 
are  only  artificial  Numbers,  contrived  ,to  avoid 
long  Operations  in  natural  Numbers,  each  of  which 
has  a  Logarithm  belonging  to  it.  Their  Nature 
is  fuch,  that  Addition  of  them  anfwers  to  Multi- 
plication in  natural  Numbers,  and  Subtraction  an- 
fwers to  Divifion  -,  that  is,  when  two  Numbers  are 
proposed  to  be  multiply*d  into  one  another,  if  we 
take  the  Logarithms  anfwering  to  the  Numbers 
and  add  them  together,  the  Sum  will  be  the  Lo- 
garithm anfwering  to  the  natural  Number,  which 
is  the  Product  of  the  two  Numbers  propofed. 

Again,  when  one  Number  is  propofed  to  be  di- 
vided by  another,  if  from  the  Logarithm  of  the  Di- 
vidend we  fubtraft  the  Logarithm  of  the  Divifor, 
the  Remainder  Ihall  be  the  Logarithm  of  the  Quo- 
tient. 

Now  to  apply  this,  to  pradice :  The  firft  Table 
at  the  end  of  this  Book,  contains  the  Logarithms  of 
all  the  Numbers  from  i  to  loooo  5  the  Columns 
marked  at  the  top    with  (N)  contain  the  natural 

Numbers, 
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Numbers,  and  the  adjacent  Columns  contain  the 
Logarithms  of  thefe  Numbers.  So  to  ifuid  the  Lo- 
garithm of  any  Integer  Number  between  i  and 
10,000,  we  muft  look  in  the  Columns  mark'd  with 
N  at  the  top,  till  we  find  the  Number  proposed ;  and 
that  (landing  on  .the  fame  Line  with  it  in  the  adja- 
cent Column  is  the  Logarithm  required. 

Example.  Let  it  be  required  to  find  the  Loga« 
rithm  of  365  ;  by  looking  in  the  Table  according 
to  the  above  Direftion,  I  find  it  to  be  2,56229. 
The  Reverfe  of  this,  viz.  Given  a  Logarithm,  to 
find  from  your  Tables  the  natural  Number  anfwe* 
ring  thereto,  is  performed  by  looking  into  the  Co- 
lumns mark'd  with  Logarithm  at  top,  for  that 
which  is  either  equal  or  neareft  to  the  one  proposed, 
and  the  Number  anfwering  to  it  in  the  adjacent  Co- 
lumn is  that  required. 

Example.  Let  it  be  required  to  find  the  natural 
Number  anfwering  to  the  Logarithm  2.56229,  by 
proceeding  according  to  the  above  Diredion  I  find 
it  to  be  365. 

Again,  if  it  were  required  to  find  the  Logarithm 
of  a  Number,  having  fome  Decimals  in  it.  In  or- 
der to  do  this,  you  may  obferye  in  the  Table 
of  Logarithms,  that  the  Logarithm  of  jo  is  i, 
that  of  100,  2  ;  and  of  1000,  3,  ^c.  and  the  Lo- 
garithms of  all  the  intermediate  Numbers  be- 
tween 10  and  100,  have  i  for  the  integral  Part 
of  each,  and  all  thofe  between  100  and  1000  have 
2  for  their  integral  Fart,  and  fo  on,  which  are  cal- 
led their  Lidices. 

Now  becaufe  any  Number.con fitting  of  both  in- 
I  tegers  and  decimals,  is  equal  to  the  Quotient  of 
the  whole  conCder'd  as  an  Integer  divided  by  the 
Denominator  of  the  decimal  Part ;  'and  fince  by  the 
Nature  of  Logarithms,  SubduAion  in  them  anfwers 
to  Divifion  in  other  Numbers ;  therefore  it  follows, 
that  wh^n  a  Number  is  given  confifting  boUi  ipif  in- 
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tegers  and  decimals,  we  can  find  the  Logarithm 
anfwering  thereto  in  the  '  following  manner :  viz. 
Find  the  Logarithm  of  the  whole  confider^d  as 
an  Integer  \  then  from  that  take  the  Logarithm  of 
the  Denominator  q£  the  decimal  Part,  or  (which  is 
the  fame)  from  the  Index  of  the  Logarithm  of  the 
whole  confider'd  as  an  Integer,  fubtraft  a  Number 
lefs  by  Unity  than  the  Number  of  Places  in  the  De- 
nominator of  the  fraction,  and  the  Remainder  will 
he  the  Logarithm-  required. 

Example  i.  Suppofe  you  were  Co  find  the  Loga- 
rithm of  36.5  ;  to  do  this  you  mull  firft  look  for  the 
Logarithm  of  365,  which  is  2.56229,  then  becaufe 
10  is  the  Denominator  of  the  decimal  Part  of  the 
proposed  Number,  and  i.oooo  its  Logarithm,  there- 
fore from  2.56229  take  i.oooo,  and  there  remains 
1,56229  the  Logarithm  required. 

Example  2.  And  to  find  the  Logarithm  of 
6.543.  Firft  find  the  Logarithm  of  6543  confider'd 
as  an  Integer,  which  by  the  Tables  you  will  find  to 
be  3.81578  ;  then  fince  3.0000  is  the  Logarithm  of 
1 000  the  Denominator  of  the  fraftional  Part,  there- 
fore from  3.81578  take  3.0000,  and  there  will  re- 
main 0.81578,  which  is  the  Logarithm  required. 

The  Reverfe  of  this,  viz.  the  Logarithm  of  a 
Number  confifting  of  integers  and  decimals  being 
given  to  find  that  Number,  is  performed  according 
to  the  following  Method. 

Rule.  Look  in  your  Table  of  Logarithms  (with- 
out regarding  the  Indices)  for  that  whofe  decimal 
Part  is  equal  or  nearly  equal  to  the  decimal  Part  of 
the  Logarithm  propofed ;  then  fubtraA  the  Index 
of  the  former  from  that  of  the  latter ;  and  laftly 
divide  the  Number  anfwering  the  Logarithm  found 
in  your  Tables,  by  a  Number  confifting  of  an  U- 
nit,  and  as  many  Cyphers  as  there  are  Units  in  the 
difference  between  the  two  Indices  ;  or,  which  is 
the  fame,  cut  off  as  many  Figures  (beginning  at  the 
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lowcft  place)  of  die  Number  anfwering  to  the  Lo-» 
garithm  in  your  Table,  as  there  are  Units  in  the 
difference  of  the  Indices,  and  the  Number  laft  found 
will  be  chat  required. 

Example.  Suppofe  it  were  required  to  find  the 
Number  anfwering  to  the  Logarithm  2.73608. 

In'  order  to  do  this,  I  look  in  the  Table  of  Lo- 
garithms (without  minding  the  Indices)  for  that 
whofe  decimal  part  is  equal,  or  nearly  equal,  to 
.73608,  the  decimal  part  of  the  Logarithm  pro- 
posed, and  I  find  it  to  Be  3.73608  ;  from  the  Index 
of  which,  viz.  3,  1  take  2,  the  Indtx  of  the  pro- 
posed Logarithm,  and  there  remains  i  ;  laftly,  2 
divide  5446,  the  Number  anftrering  the  Logarithm 
found  in  the  Tables,  by  10,  and  the  Quotient  544.^ 
is  the  Number  required 

The  Reafon  of  this  and  the  preceeding  Rule,  is 
plain  from  the  very  Nature  of  Logarithms, 

From  what  has  been  faid  on  this  Head  we  may 
eafily  folxe  the  following  Problems  by  the  Loga- 
rithms :  viz, 

Prob.  I.  Given  two  Numbers,  as  25.6  and  134^  to 
find  the  produft  of  their  Multiplication.  To  folvc 
this  by  the  LMjarithms,  I  firft  look  for  the  Loga- 
rithm of  25.6  which  I  find  to  be  1..40824,  then  for  that 
of  134  which  is  2.12710 ;  then  I  add  thefe  two  Loga- 
rithms together,  and  their  Sum  is  3.53534,  which 
is  the  Logarithm  of  their  produft ;  lb  I  look  in  my 
Table  for  the  Number  anfwering  to  3.53534,  and 
I  find  it  to  be  3430,  which  is  nearly  equal  to  the 
produdt  of  25,6  into  134* 

Again,  if  it  were  required  to  find  the  produft  of 
36  into  234,  I  proceed  as  in  the  laft  Example,  and 
the  Operation  is  as  follows : 

2.36922  the  Logarithm  of  234 
1-55630  the  Logarithm  of  56 


Sum  3^92552  the  Logarithm  of  their  Prod u£t. 

E  2  which. 
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which,  by  the  Tabic,  I  find  to  be  8424,  which 
is  the  produdb  of  the  two  Numbers  propos'd. 

Prob.  2.  Let  it  be  requir'd  to  find  the  Quotient 
that  arifes  by  dividing  one  Number  by  another, 
fuppofe828  by  23. 

To  folvc  this  by  the  Logarithms,  I  firft  look  in 
the  Tables  for  the  Logarithm  of  828,  the  Dividend, 
which  I  find  to  be  2.91803  *,  then  for  the  Loga* 
rithm  of  23  the  Divifor,  which  is  1.36173^  and  this 
laft  taken  from  the  former  Logarithm,  there  re- 
mains 1.55630  the  Logarithm  of  the  Quotient, 
which  anfwers  to  the  Number  36  the  Quotient  re* 
quired. 

Again,  let  it  be  required  to  divide  3055  by  47  ; 
by  proceeding  according  to  the  laft  Example,  the 
Operation  will  be  as  follows : 

3.48501  the  Logarithm  of  3055  the  Dividend, 
1.672 10  the  Logarithm  of  47  the  Divifor, 
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which  anfwer$  t6  the  Number  65  the  Quotient  re- 
quired. 

Prob.  3.  Three  Numbers  being  given  to  find  a 
fourth  proportional  to  diem,  viz.  Such  a3  fhall  have 
the  fame  proportion  po  the  third  as  the  fecond  has  to 
the  firft. 

Rule.  Take  from  the  Tables  the  Logarithm  of 
each  of  the  propos'd  Numbers,  then  add  the  Lo- 
garithms of  the  fecond  and  third  together,  and  from 
the  Sum  take  the  Logarithm  of  the  firft,  and  the 
Remainder  (hall  be  the  Logarithm  of  the  fourth 
number  requir'd. 

'  Example.  Let  the  three  propos'd  Numbers  be  36, 
48,  66,^  CO  which  wc  are  to  find  a  fourth  proportio- 
nal ;  by  the  preceeding  Rule,  the  Operation  will 
ftand  a3  follows ; 

1.68124 
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1.68 124  the  Logarithm  of  43  the  2d  Term, 
1.81554  the  Logarithm  of  66  the  3d  Term, 

3.50078  the  Logarithm  of  their  Produft, 
1.55630  the  Logarithm  of  the  ifl:  Term,  36. 

1.94448  the  Log.  of  the  4th  Term  requir'4* 

which)  by  looking  into  the  Table,  I  find  anfwers 
to  the  natural  Number  88,  which  is  the  4th  propor- 
tional to  the  three  proposed  Numbers. 

Again,  let  it  be  required  to  find  a  fourth  propor^ 
jdonal  to  the  three  Numbers  24,  144,  123  ^  by  pro- 
ceeding according  to  the  for^oii^  Ride,  the  Ope- 
ration will  ftand  as  follows : 

2.15836  the  Logarithiu  of  the  2d  Term  J44. 
2.08991  the  Logarithm  of  the  3d  Term  123. 


^rm^m 


4.24827  the  Logarithm  of  their  Produft, 
J  .3  802 1  the  Logarithm  of  the  ift  Term  24. 

ji.868o6  the  Log.  of  73  8,  the  4th  number  required. 

Pr$b.  4.  To  find  the  Square  of  any  Number  by 
Logarithms. 

Rule.  Multiply  the  Logarithm  of  the  given  Num- 
ber by  2,  and  the  product  is  the  Logarithm  of  the 
Square  fought. 

Example.  Required  to  find  the  Square  of  36^ 
Firft  I  look  in  the  Table  for  the  Logarithm  of  36, 
and  find  it  to  be  1.55630,  which  doubled  givei 
3.1 1 260  the  Logarithm  of  the  Square  fought,  whicK 
by  Infpe^tion  I  find  anfwers  to  the  natural  Number 
1296  the  Square  of  369  viz.  the  product  of  36  mult 
tiply'd  into  itfelf. 

Proh.  5*  To  extraft  the  fquare  Root  of  any  pro? 
pos'd  Number,  i.  e.  to  find  a  Number  which  muK 
tiply'd  into  itfelf,  ihall  produce  the  given  Number, 
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Rule.  Divide  the  Logarithm  of  the  proposed 
Number  by  2,  and  the  Quotient  Will  be  the  Lo- 
garithm of  the  fquare  Root  required. 

£5f^w/?/^.»  Required  to  find  the  fquare  Root  of 
1 2^6.  Firft  I  look  in  the  Tables  for  the  Logarithm 
of  1296,  and  find  jt  to  be  3. 11 2^1,  which  divided 
by  2  gives  1.55630  for  the  Logarithm  of  the  fquare 
Root,  and  the  natural  Number  anfwering  thereto  is 
36  the  Root  required. 

If  for  the  Sine,  Tangent,  i^c.  of  every  Degree 
and  Minute  in  the  Quadrant,  in  the  natural  Tables, 
we  take  the  Logarithm  agreeing  to  each,  we  IhaJl 
have  a  Table  of  Logarithmic  Sines,  Logarithmic 
^Tangents,  i^c.  as  it  is  in  the  fecond  Table  at  the  end 
of  this  Book. 

In  which  you  may  obferve,  that  each  Page  is  di* 
vided  into  eight  Columnsv  the  firft  and  laft  of  which 
IS  Minutes,  and  the  intermediate  ones  contain  the 
Sines,  Tangents,  and  Secants ;  the  uppef  and  loWer 
Columns  conuin  Degrees  ;  the  Column  of  Minutes 
on  the  left  hand  of  each  Page,  anfwers  to  the  De- 
grees in  the  top  Column  s  and  the  Sines,  Tangents, 
and  Secants,  belonging  to  thefe  Degrees,  and  Minutes 
are  in  the  Columns  maf k'd  at  the  top  with  the  Words, 
Sine,  Tangent,  Secant;  the  Column  of  Minutes  oil 
the  right  hand  of  each  Page,  anfwers  to  the  Degrees 
in  the  foot  of  the  Page,  and  the  Sines,  Tangents,  and 
Secants,  anfwering  to  thefe  Degrees  and  Minutes, 
are  in  the  Columns  mark'd  at  the  bottom  with  the 
Words,  Sine,  Tangent,  Secant  5  the  Degrees  in  the 
fop  Colurpn  beginning  at  o,  proceed  to  44  wher^ 
liiey  end,  and  thofe  at  the  foot  of  the  Page  b^gifl 
^t  99  proceed  to  45  in  a  decreafing  Series,  the  De^- 
grees  in  the  different  Columns  being  the  Com^ 
plement  of  each  other,  From  what  \\'Ji%  been  faid^ 
wc  may  eafily  find  the  Sine,  Tangent,  or  Secant,  of 
}^ny  Arch,  from  our  Tables,  by  looking  for  thegi« 

Yf |i  No«Rbn  of  Pegrees  at  th«  head  or  foot  of  th« 

Page, 
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Fage,  according  as  they  are  Icfi  or  greater  than  45,' 
am!  in  the  proper  fide  Column  for  the  odd  Minutes, 
if  there  be  any  5  then  below  or  above  the  Word, 
Sme,  Tangent,^  or  Secant,  and  on  the  fame  line  with 
the  Minutes,  we  Ihall  have  that  required. 
'Example  i .  Required  to  find  the  Sine  of  36  deg,  40 
mini  To  find  this.  Hook  at  the  head  of  the  Page  for 
3^  deg.  and  in  the  fide  Column,  on  the  left  hand, 
for  40  min*  then  below  the  Word  Sine,  and  on  the 
fame  line  with  40,  I  find  9.77609,  which  is  that 
required. 

E^Hmple  2.  Reqtiir'd  the  Tangent  of  54  deg.  30^ 
min.  To  find  this,  I  look  at  the  foot  of  ihe  Page 
(becaufe  the  Degrees  propos'd  ar^  gf  cater  than.  45^ 
for'54  deg.  and  in  the  right  hand  fide  Column  for 
30  fww,  then  in  the  Column  marked  with  Tangent 
at  it^s  bottom,  and  on  the  fame  line  widi  the  30  fhin, 
in  the  fide  Column,  I  find  10.14673,  which  is 
the  Log-Tangent  required. 

The  Reverfe  of  this,  viz.  The  Logarithm  of  a 
Sine,  Tangent,  or  Secant,  being  given  to  find  the 
Arch  belonging  to  it,  is  perform*d  by  only  look- 
ing in  the  proper  Column  for  the  ncareft  Logarithm 
to  that  proposed,  and  the  Degrees  and  Minutes 
arifwering  thereto  is  what  was  required. 
'  In  thefe  Tables  the  Secants  might  have  been 
wanting,  becaufe  all  the  Proportions  in  which  tho 
Secants  are  concem'd  may  be  wrought  without  them, 
by  the  Sines  and  Tangents  only,  as  Ihall  be  fhewn 
particularly,  in  the  Solution  of  the  ftveral  Cafes  of 
plain  Trigonometry. 

72.  The  Chord,  Sine,  Tangent,  &c.  of  any  Arch 
in  one  Circle,  is  to  the  Chord,  Sine,  Tangent,  &fr. 
of  the  fame  Arch  in  another  Circle,  juft  as  the  Ra- 
dius of  the  one  is  to  the  Radius  of  the  other  ;  for 
'tis  plain,  the  greater  the  Radius  is,  the  greater  19 
the  Circle  defcribed  by  that  Radius,  and  confequent* 
ly  th(^greater  any  particular  Arch  of  that  Circle  is, 

and 


J  a  Geometrical  Tropofititms. 

and  fo  the  Sine,  Tangent,  &r.  of  that  Arch  is  alfo 
the  greater  ;  therefore,  in  general,  the  Chord,  Sine, 
Tangent,  Qc.  of  any  Arch  is  proportionable  to  the 
Radius  of  the  Circle. 

73.  In  all  Circles  the  Chord  of  60  is  always  equal 
in  length  to  the  Radius.  Thus  in  the  Circle  AEBD, 
if  the  Arch  AEB  be  an  Arch  of  60  degrees,  then 
drawing  the  Chord  AB,  I  fay  A  B  fhall  be  equal  to 
the  Radius  C  B  or  A  C ;  for  in  the  Triangle  A C  B, 
the  Angle  ACB  is  60  degrees,  being  meafured  by 
the  Arch  AEB;  therefore  the  Sum  of  the  other 
two  Angles  is  120  degrees,  (by  Cor.  i.  of  6ift^  but 

lince  AC  and  CB  are  equal 
the  two  Angles  CAB,  CB  A 
will  alfo  be  equal ;  confequent* 
ly  each  of  them  half  their  Sum 
1 20,  viz.  60  degrees  ;  there- 
fore all  the  three  Angles  are 
equal  to  one  another,  conic;- 
quently  all  the  Legs,  there- 
fore A  B  IS  equal  toCB. 

Cor.  Hence  the  Radius  from  which  theLines  on 
any  Scale  were  form*d,  is  the  Chord  of  60  6n  the 
Line  of  Chords. 

74.  If  in  two  Triangles  ABC,  ah c  zll  the  An- 
gles of  the  one;  be  equal  to  all  the  Angles  in  the  o- 
thcr,  each  to  each  rcfpeftively,  that  is,  the  Angle 
B  A  C  equal  to  the  Angle  bac^  the  Angle  ACB  e- 
qual  to  the  Angle  acby  and  the  Angle  ABC  equal  to 
the  Angle  abc  '9  then  the  Legs  oppofite  to  the  equal 
Angles  are  proportionable,  viz.  AB  :  ab  ::  AC 
a  c  and  AB  :  ab  : :  BC  :  b  c  and  AC  :  ac  : : 
B  C  :  ^  ^  ;  for  being  infcribed  in  two  Circles,  'tis 
plain,  fince  the  Angle  BAC  is  equal  the  Angle 
ba^y  the  Arch  B  D  C  is  equal  the  Arch  bdcj  and 
confequently  the  Chord  BC  is  to  the  Chord  bc^  a» 
the  Radius  of  the  Circle  A  B  C  to  the  Radius  of  the 
Circle  abc  (by  the  72d)s  the  fame  way  the  Chord 

A  B 
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AB  is  t<)  the  Chord  abin  the  fame  proportion.  .So 
AB  I  ab  I  :^C  ibc  \  the  fame  way  wc  may  prove 
all  the  reft  to  be  proportional  ' 


75.  If  from  a  point  A  without  a  Circle  DBCE, 
tjiere  be  drawn  two  Lines  A  D  E,  A  B  C,  each  of 
them  cutting  the  Circle  in  two  points  ;  then,  I  f^y, 
the  produdt  of  the  one  whole  Line  into  its  external 
part,  viz.  A  C  into  A  B,  is  equal  to  the  Reftarigle 
of  the  other  line  into  its  external  part,  viz.  AE  in- 
to AD :  for  drawing  the  lines  DC,  BE,  -tis  plain  in 
the  two  Triangles  A  B  E,  A  D  C,  the  Angle  A  E  B 
in  the  one  is  equal  to  the  Angle  A  C  D  in  the  other 
(by  Cor.i.  of  63d),  and  the  Angle  at  A  is  com- 
mon ;    therefore,  ^ 

the  other  Angle              ^^u^-^^-^V    ^ 
ADCisequalthe     ^- /^vx^        > 

Angle  ABE  (by 
Cor.  I .  of  6 1 .)  there- 
fore the  Triangle 
A  B  E  is  equiangular  to  the  Triangle  ADC;  Con- 
fequcntly  AC  :  AE  :  :  AD  :  A  B  by  thelaft,  and 
therefore  A  C  into  A  B  is  equal  to  AE  into  A  D. 

76,  Let  ABD  be  a  Quadrant  of  a  Circle  defcri- 
bed  by  the  Radius  CD  ;  BD  any  Arch  of  it,  and 
B  A  its  Complement^  B  G  or  C  F  the  Sine,  C  G  or 
B  F  the  Co-Sine,  D  E  thfe  Tangent,  and  C  E  the 
Secant  of  that  Arch  BD.  Then  Jmce  the  Trian-t 
glcs  CDE,  CGB  are  fimilar,  on  equiangular,  it 

F  will 


34  Geometrical  ^rapefiti$ns. 

will  hthy{ArUj^)  DE  :  EC  :  :  GB  :  BC  i.e.  Ae 
Tangent  of  any  Arch,  is  to  the  Secant  of  the  fame, 
as  the  Sine  of  it  is  to  the  Radius.     Alio  fince  D  E 

:  EC  :  :  GB  :  BC,  therefore  by 
inverting  that  proportion  we 
haveEC:DE::BC:  G^i.e. 
the  Secant  is  to  the  Tangent,  as 
the  Radius  is  to  the  Sine  of  any 
Arch. 

•  Again,  fince  the  Triangles 
C  D  E,  C  G  B  are  fimilar,  there- 
fore (by  Art.  74.)  it  will  be  C  D 
:  C  E  :  :  C  G  :  C  B  i.  ^.  as  the  Radius  is  to  the  Secant 
of  any  Arch,  fo  is  the  Co-Sine  of  that  Arch  to  the 
Radius.  And  by  inverting  the  proportion  we  hav€' 
this,  viz.  As  the  Secant  of  any  Arch  is  to  the  Ra- 
dius, fo  is  the  Radius  to  the  Co-Sine  of  that  Arch. 

Having  thus  gone  thro*  the  Theorems  of  G^me^ 
/ry,  that  are  neceflary  for  the  JCnowledge  of  Navi- 
gation ;  we  fhall  next  proceed  to  fome  Problems 
that  arc  ufeful  for  the  Pradice  of  that  Art. 
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Pr^i.TT^ROM  a  point  C  in  a  given  Line  AB  to 
I .  X?    r^ife  a  Perpendicular  to  that  Line. 
Rule^  From  the  point  C  take  the  equal  diflances 
CBi  C  A  on  each  fide  of  it.     Then  ftrctch  the 

Compafles  to  any  diftance  great- 
er than  CB  or  C  A,  and.  with 
one  Foot  of  them  in  B,  (Vrcep 
the  Arch  EF  with  the  other; 
again,  with  the  fame  openings 
and  one  Foot  in  A,  fweep  the 
Arch  G  H  with  the  odier,  and 

thefe 


G 


,...^..-»K 


£ 


H 


A 


fi 


theie  two  Arches  will  imjerfoft  one  another  in  the 
point  D ;  then  join  die  given  points  C  and  D  with 
the  line  C  D,  and  that  Siall  be  the  Perpendicular 
required. 

2.  To  divide  a  given  right  Line  A  B  into  two  e- 
qual  parts ;  that  is,  to  bifefl  it. 

Rule.  Take  any  diftance  with  your  Compaffes  that 
you  are  fure  is  greater  than  half  the  given  line  5  then 
letting  on  foot  of  them  in  B, 
■widi  the  other  fweep  the  Arch 
D  F  C  ^  and  with  the  fame 
diftance  and  one  foot  in.  A, 
with  the  other  fweep  the  Arch 
C  E  D  ;  thefe  two  Arches 
will  interfedt  one  another  in 
the  points  C,  D,  which  join'd 
by  the  right  Line  D  C  will  bifcft  AB  in  O. 

3.  From  a  given  point  D  to  let  fall  a  Perpendi- 
cular on  a  given  Line  AB.    * 

Rule.  Set  on  foot  of  the  Compafles  in  the  point 
D,  and  extend  the  other  to  any  diftance  greater 
than  the  leaft  diftance  between  the  given  point  and 
and  the  line,  and  with  that 
extent  fweep  the  Arch  A  £  B, 
cutting  the  line  in  the  two 
points  A  and  B,  then  (by  the 
laft  Problem)  bifeft  the  line 
A  B  in  the  point  C,  laftly  join 
C  and  D,  and  that  line  C  D  is 
the  Perpendicular  required. 

4.  Upon  the  end 
B  of  a  given  right 
Line  BA,  toraifea 
Perpendicular. 

Rule.  Take  any 
Extent  in  yoiu-Com- 
pafles,  and  with  one 
foot  in  B  fix  the  o- 
thcr  in  any  point  C, 

with- 
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without  the  given  Line,'  then  with  one  point  of  the 
Compafles  in  C,  defcribe  with  the  other,  the  Circle 
EBD,  and  thro*  E  and  Cdraw  the  Diameter  ECD 
meeting  the  Circle  in  D ;  join  D  and  B,  and  the  right 
line  DB  is  that  required ;  for  EBD  is  a  right  Ahgle 
(by  Ce7r.  4.  of  63  d),  . 

Another  If^ay. 

Upon  the  point  B  as  a  Center,  and  with  any  di- 
ftance  B  A,  defcribe  die  Circle  A  CD  5   fet  off  the 
H'..E..Gr  Radius  from  A  to  C  and 

3F.* ''••'.*«.  from  C  to  D,  then  with 

the  fame  Extent  of  the 

../C  Compaffes,  and  one  foot 

*"%^  in  C,  defcribe  with  the  o- 

\  ther  foot  the  Arch  FG, 

^ ,_  .       .  :  and  with  the  fame  opening 

^  on  the  Center  D  defcribe 

■^  the  Arch  K  H  which  w^U 

cut  the  former  in  E,  then  join  EB  and  that  ihall  be 

the  Perpendicular  required. 

Another  fFay. 

m 

, ,  From  the  point  B  fet  off  with  your  Compaffes  five 
imall  equal  parts-,*  then  with  the  diftance  of  all  the 
fiye  taken  in  your  Compaffes,  fetting  one  foot  at 
^;^.-£  the  fourth  Divifion, 

j:--;.|>'-.',.^^  viz.  in  the  point  4, 

'*'(r  with  the  other  de- 

fcribe theArchDE; 
Again,  Taking  the 
length  of  three  qf 
J       ' — LI      i  A  them  in  your  Com- 


B 


paffes,  wz.  B  3,  and 
fetting  one  foot  of  them  in  B,  ^ith  the  otl^er  de- 
fcribe the  Arch  FG  interfering  the  former  in  the 
point  e,  jqin  CB  and  that  is  the  line  required* 
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5.  To  draw  one  Line  parallel  to  another  given 
Line  AB,  that  fhall  be  diftant  from  one  another  by 
any  given  diftance  D. 

Rule.  Extend  your  Compaffes  to  the  given  di- 
ftance D  5  then  fetting  one  foot  of  them  in  any  point 
of  the  given  Line  (fuppofe  A)  with  the  other  fweep 
the  Arch  F  C  G ;  again,  at  the  fame  Extent,  and 
one  foot  in  any  other  point  of  the  given  Line  B 
fweep  the  Arch  HDK,  and  draw  the  Line  CD 
touching  them,  and  that  will  be  parallel  to  the  gi- 
ven Line  A  B,  and  diftant*  from  it  by  the  Line  D 
as  was  requir*d. 
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6.  To  divide  a  given  Line  A  B  into  any  Num-^ 
her  of  equal  parts,  fuppofe  7. 

Rule,  rrom  the  pointi  A  draw  any  Line  A  D, 
making  an  Angle  with  the  line  AB,  then  thro*  the 
point  B  draw  a  line  B  C  parallel  to  A  D  5  arid  fron» 
A,  with  any  fmall 
opening     of  the 

Compaffes,  fet  off  ^5 

a  Number  of  e- 
qual  parts  fon  the 
line  A  D)  lefs  by 
#»ne  than  the  pro- 
pose Number 
(here  6.) ,  then  q 
from  B  fet  off  the 

fame  Number  of  the  fame  parts  on  the  line  BG ; 
Jaftly,  join  6  and  i,  2  and  5,  3  and  4,  4  and  3, 
5  and  2,  6  and  i,  and  thefe  lines  will  cut  the  given 
line  as  required, 

7-  Tci 


3» 
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7.  Toquarcer  a  given  Cir- 
cle, .  or  to  divide  ic  into  foxxr 
equal  parts,  . 

Rule.  Thro*  the  Center  C 
of  the  given  Circle  draw  a  Di- 
ameter AB,  then  upon  the 
point  C  raife  a  Perpendicular 
E  DCE  to  the  line  AB  ;  and 

f hefe  two  Diameters  A  B  and  D  £  ihall  quarter  the 
Circle. 

8.  Thro*  three  given  points  A,  B,  and  D  to  draw 
a  Circle.  {Note^  the  three  points  muft  not  lie  in  the 
fame  ftreight  Line.) 

Rule.  Join  Aand  J>  alfo  B  and  D  with  the  ftreight 
lines  AB,  BD,  then  by  Pro]^.  2.  bifeft  AB  with 
the  line  E  C,  alfo  B  D  with  the  line  F  C,  which  two 

lines  will  cut  one  another 
in  fome  point  C,  that  is  the 
Center  of  the  Circle  re- 
quired ;  then  fixing  one 
point  of  your  Compafles  in 
D,  and  ftrctching  the  o- 
ther  to  A,  defcribe  the 
Circle  A  B  P  G,  which  will 
pafs  thro*  the  direc  points 
given.  The  Reafon  of  this 
is  plain  from  Qor.  i.  oi  Art. 
65. 

9.  From  the  point  A  of  the  given  line  AB,  to 
draw  another  line  (fuppofe  A  C)  that  fhall  make 
^ith  A  B  an  Angle  of  any  Number  of  Degrees,  fup- 
f  oft  4.5.  ^ 

Rule.  Let  the  givcin  line  A  B  be  produced,  then 
take  off  your  Scale  the  length  of  the  Chord  of  60 
Pegrees,  which  is  equal  to  the  Radius  of  the  Circle 
^he  Scale  was  made  for  (by  Art.  73.)  And  fetting 
one  foot  in  A ,  with  the  other  fweep  the  Arch  B  C  i 
{hen  with  your  Coinpafliss  take  from  your  Scale  the 

Chord 


J 


Chord  of  45  Degrees,  and  fet  off  that  didance  from 
B  to.  C.  Lailly  join;  A  and  C,  and  the  line  A  G  is 
that  requir'd.  For  the  Angle  CAB,  which  is  mea*- 
fur'd  by  the -Arch  B  C,  is  an  Angle  of  45  Degree 
as  was  requirM. 


10.  An  Angle  B  A  C  l|2ing  given,  to  find  how 
maiiy  Degrees  it  contains. 

Rule.  With  your  Compaflfes  take  the  length  of 
the  Chord  of  60  from  your  Scale.  Then  fetting 
one  foot  of  them  %  ^ 

iVA,  with ' the  o-  '^- 

ther     fweep    the 
ArchBC,  whidl  . 
is  the  Arch  com-  ^.-^ViS^ 

prehended  between  ^ 
thetwoL^sAB,  ^ 
AC  produc*d  if  needful.  TLaflSy,  take  with* your 
Compafles  therDillance  BC,  ahd  applying  it  to 
your  line  of  CKar.d  on  the  Scale^-you'll  find  how 
many  Degrees  the"  Arch  BC  cohtains;.  and  confe- 
quently  the  Degrees  of  the  A^^gJe  B  A  C  which  was 
required/  / 

1 1 .  Three  lines  x,  y,  and  z  being  given,  to  form 
a  Triangle  of  them,  but  any  two  of  thefe  lines  ta- 
ken together,  muft  always  be  greater  than  the 
third. 

Rule.  Make  any  one  of  them,  as  ^,  the  Bafe ; 
then  with  your  Compafles  take  another  of  them,  a^ 


v^ 
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%,  and  fetting  one  foot  in  one  end  of  the  line 
x^  as  B,  with  the  other  fweep  the  Arch  ,D  E ; 
and  taking  with  your  CompafTes  the  length  of  the 
other  y,  fet  one  foot  of  them  in  A,  the  other 
end  of  the  line  y,  and  with  the  other  fweep  the 
Arch  F  G,  which  will  cut  the  other  in  C  ;  laftly, 
join  C  A  and  C  B,  and  the  Triangle  C  A  B  is  that 
requir'd. 

K — ^ —  y... 

■ ¥-— 


•^m 


.  12.  To  make  a  Triangle  having  one  of  its  Legs 
of  any  Number  of  equ^  parts  (fuppofe  i6o),  and 
one  of  the  Angles  at  that  Leg  50  Degrees  and  the 
other  44  Degrees. 

Rule.  Draw  an  indefinite  Line  E  D,  then  take 
off  the  Line  of  equal  Parts  with  your  Compaffes  j 
1 60  of  them,  and  fet  them  on  the  indefinite  Line, 
as  B  C  then  (by  Proh.  9.)  draw  B  A  making  the 
Angle  ABC  of  50  Degrees,  and  by  the  fame,  draw 
from  C  the  Line  AC,  making  the  Angle  ACB  of 
44  Degrees  5  which  two  Line^  will  meet  one  another 
in  A,  and  the  Triangle  ABC  is  that  required. 


13.  Up- 


x)\^  Up(iiy3.g&etpLiiie;iV:BrtPtoake  aScjuarc. 

Bule.  Upon  the  Extremity  A  of  the  given  lii?©: 
A B  raife ^  z-  PeipfaniJicul^/AC .<.by  Froh 4.)  J  then 
take  AG  equal ^txiAB;      ^    .  , 
and  with  that  exte^fi^  fel> 
tingbneifoptof  the  Com^ 
pa&s  in  G^  ^iweepc  wiUi    |j 
the  other  foot  the  Arch      1    '•  » 
GH,  thea  with  the  fame        .*/'.::  |£. 
extent  and  oneibotinB, .  /;  .. 
With  the  other  ^cep  the 
Arch  E  Fv  '^  which  will      ;  I. 
meet  the  former  in  fome    ^ 


«.  J  > 


•v  .>^ 


B 


foint  D  5   laftly,  join  G  and  D,  D  and  B,  and  the 
igure  A  B  D  C  will  be  the  Square  requirM. 
14.  On  a  given  line  AB  to  draw  a  Rhomb  that 
Ihall  have  one  of  its  Angles  equal  to  any  Number 
of  Degrees,  fuppofe  60  Degrees. 

Rule.  From  the  point  A  of  the  givcn^ine  AB  draw 
the  line  AG,  making  the  Angle  C  A  B  of  60  Deg.  (by 
ProK  9.) ;  then  take  AG  equal  to  AB,  and  with 
that  extent  fixing  one  foot  of  the  Gompaffes  in  B, 
with  the  other  defcribe  the  Arch  G  H,  and  at  the 
fame  extent  fixing  one  foot  of  the  Gompaffes  in  G, 
with  the  other  defcribe  the.  Ar^hp  EF  cutting  the 
former  in  D  ;  Mly,  join  G  I)  apd  D  B  and  the  Fi- 
gure A  G  D  B  is  that  required. 


^ 


15,  Given 


-  \.. 
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15.  Given  two  lines  x  and  z^  of  thofc  two  to  make 
aiRe6tangle« 

-  Rule.  Draw  a  line^  as  A  B,  ^qual  m  length  to  omi 
of  the  given  lines  x^  and  on  the  excresnity  A  of  thaQ 
line  raife  a  Perpendicular  A  Q  0(r  ^kich*  take  A  C  e*^ 
qual  to  the  other  line  z  \  then  take  wldi  your  Con]H 
pafles  .the  length  of  the  line  A  B,f  and  at  that  extent; 
fi^g  one  foot  of  thenji  in  G,  witli  the  odier  fweep 
the  Arch  £  F ;  and  alfq  taking  With  your  Compafles 
the  extent  of  the  line  AjC,  fiy  one  foot  of  them  in  B 
and  with  the  other  fwe^p  the  Arch  G  H,  which  will 
meet  the  former  in  D  ;i  laftiy  join  C  D  and  B  D,  and 
the  Figure  A  B  D  C  will  be  that  reqiur*d. 


y^ 
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iS.  Two  lines  x  and  z  being  given,  of  thefe  to 
form  a  Rhomboidesthat  Ihall  haveone  of  its  Angks 
any  Number  of  Degrees,  fuppole50. 

Rule.  Draw  a  line  AB  equal  in  length  to  one  of 
the  lines  as  x;  then  draw  the  line  A  C,  making  with 
the  former  the  Angle  BAG  equal  to  the  proposed, 
fuppofe  50  Degrees,  arid  on  that  line  take  AG  c- 
qual  to  the  given  line  2,  then  with  your  Gompafles 
take  the  length  of  AB,  and  fixing  one  foot  in  G 
fweep  the  Arch  EF ;  alfo  taking  the  length  of  AC 
and  fetting  one  foot  in  B,  widi  the  other  fweep  the 
Arch  GH,  which  will  cut  the  former  in  D  ;  then  join 

CDandDB,  fo  the  Figure  AG DB  wUlbcthac 

required. 
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And  thus  wfe  fiavc  gone  thro*  all  Geometry  that 
lis  neceflary  for  our  prefent  Bufinefs,  both  as  to 
Theory  and  Praftice.  The  next  thing  we  go  on,' 
is  the  Principles  of  Plain  ^r^onametry. 


WP«" 


S  E  C  T.    11. 

CyPA^iff  Trioonometry,  Right  and ObSquf 

jingled. 

i.X^LJIN  tRIGONOMErRT  is  that  Sci* 
XT  ^^^^  by  which  we  meafure  the  Sides  and  An-* 
gles  of  plain  Triangles. 

2.  Since  Triangles  are  either  right  or  oblique  an-» 
^ed  i  therefore  Trigonometry  is  commonly  divided 
into  two  kinds,  viz.  ReSlanguUtr  and  ObUque-anffdar : 
^d  firft  we  ihalt  treat  of  Rectangular. 

3«  In  any  right  angled  Triangle  as  ABC^  if  th^ 
]^ypothenufe  be  made  the  Radius,  and  with  that  a 
Circle  be  defcribed  ^n  the  one  end  A  as  a  Center  ; 
then  'tis  plain  that  B  C  will  be  the  Sine  of  the  Angle 
5  AC  (hy  Art.  2i.  of  &^.  I.)  \  and  if  with  the  fame 

G  2  difEance,, 


u 
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diftance,  and  on  B  as  a 
Center,  a  Circle  be  dc- 
fcribecT,  *tis  plain  that 
AC  will  be  the  Sine  of 
the  Ang)^  ABC;  there- 
\      forOf-^A'  general,  if  the 
;     Hypothen^fe  of  a  right 
-  f     angledTrian^  be  made 
/     theRadius^'^hetwoLegs 
'•■•-.-.;...-  '      will  be  the  SiiteS  of  their 

oppofite  Angles.  • '  '\  i 
4.  If  in  a  right  angled  Triangle  DEF,  one  of^ 
the  LegSy  as  D  F,  be  made  the  Radius,  and  on  the 
Extrenruty  D  (at  one  of  the  oblique  Angles,  iAza 
thlat  which  is  formed'  by  the  Hypothcnufe  and  the 
Leg  made  Radius)  as  a  Center,  a  Circle  be  defcribed  ; 
'tis  plain,  that  the  other  Leg  EF  will  be  the  Tari* 
gent  of  the  Angle  at  D,  and  the  Hypothenufe  D  E 

will  be  the  Secant  of  the  fame 
Angle  (by  Art.  24,  25,  and  67  of 
Se£t.  !•),  The  fame  way,  majcing 
the  Leg  E  F  the  Radius,  and  on 
the  Center  E  defcribing  a  Circle, 
the  other  Leg  GF  will  become 
the  Tangent  of  the  Angle  at  E, 
and  the  Hypothenufe  DE  the 
Secant  of  the  fame. . 
■ '  5.  Irhas  been  already  fliewn,  atyfr/.  72.  of  SeSt. 
I.    that,  the  Chord,    $ine.  Tangent,  tt^r.   of  any 
Arch,  br  Angle,  in  one  Circle,  is  proportionable 
to  thii'  Chord,  Sine,  Tangent,  £5?r.    of  die  fame 
Arch  iti  any  ofhcr  Circle  \  from  "which,  and  the 
two,  foregoing  Articles  the  Solutions  of  the  feveral 
Cafes  of  reftangular  Trigonometry  naturally  follow^. 
-6.  Since  Trigonometry  confifts  |n    <}etermining 
'^rtgles  and  Sides  from  others  given,  there  arifes  va- 
rious Cafes,  which  are  feven  in  Reftangular  and  fijc 
]ri  Oblique-angular  Trigonometry. 


'  /We fhallilbw  proceed  to  the  Soluti<xi  of  the ie» 
ten  Cafes  of  Reobangular  Trigonometry. 


CASE    I. 

\  itbe  An^i  i^nd  one  of  the  Legs  gwen^  to  find  the  ^ 
ther  Leg. 

Example.  In  the  Triangle  A  Q  C  rightangled  at 
B,  fuppofc  the  Leg  A  B,  86  equal  parts,  (as  Feet, 
Yards,  Miles,  tSc)  and  the  Angle  A  33®,  40'  re- 
quired the  other  Leg  B^  in  the  fame  parts  with 

.  geometrically. 

^^  •  • 

Draw  A  B  eqMal  to  86,  fronj  any  Line  of  equal 
part$p  then ,  (by  Prob.  4.  of  Sell,  i.)  upon  the  point 

B,  ered  tht  Perpendicular 
B  C ;  laftly,  frohi  the  point 
A  draw  the  line  A  C,  ma- 
king with  AB  an  Angle 
:    pqualt0  33^,4o',  and  that 
;   line  produc'd  will  meet  BC 
■:  in  C,  and  fo  conftitute  the 
\^  I     :   Triangle.    The  length  of 

*v.^  I    ;    BC  may  be  found  by  ta^- 

'  *-•...:... .  king  it  in  your  Compafles, 
and  applying  it  to  the  fame  line  of  equal  parts  that 
A  B  was  taken  from. 


By  Calculation. 

Firft  by  making  the  Hypotbenufe  A  C  Radius, 
the  other  two  Legs  will  be  the  Sines  of  their  oppo- 
fite  Angles  fby  yfr/,  3.of  this)  viz.  AB  the  Sine  of 
C,  and  G6  the  Sine  of  A ;  now  fince  (by  ArL  72* 
pf  Seff.  1.)  the  Sine,  Tangent,  i^c.  of  any  Arch  in 

one 
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one  Circle  is  proportionable  to  the  Sine,  Tangent^ 
6fr.  of  the  fame  Arch  in  any  other  Cirde,  'tis  pUiin 
the  Sines  of  the  Angles  A  and  C  in  the  Circle  de- 
fcribed  by  the  Radius  A  C,  mult  be  proportional  to 
the  Sine  of  the  fame  Arches  or  Angles,  in  the  Circle^ 
that  the  fecond  Table  at  the  end  of  thiaBook  was 
fralculated  for ;  fo  the  proportion  for  finding  B  C 
Y^illbe 

S,  C:  AB::S,  A:BC. 
if.  e.  As  the  Sine  of  the  Angle  C  in  the  fables,  is  tcjr 
the  length  of  A  B  (or  Sine  of  C  in  the  Circle  whofe 
Radius  is  A  C)  fo  is  the  Sine  of  the  Angle  A  in  the 
Tables,  to  the  length  of  B  C  (or  Sine  of  the  fame 
Angle  in  the  Circle  whofe  Radius  is  A  C). 

Now  the  Angle  A  being  33^,  40',  the  Angle  C 
piuft  be s^^^ 26'  (by  Art.  61.  Cor,  2.  SeH.  i.)  5  there- 
fore looking  in  the  fecond  Table  at  the  end  of  this 
Book  for  the  Sines  of  the  two  Angles,  and  in  th$ 
firft  for  the  Logarithm  of  86  the.^ivcn  Leg,  we 
Ihall  find  by  proceeding  according  to  the  foregoing 
proportion,  tnat  the  required  Leg  BC,  is  57.28  i 
and  the  Operation  will  ftand  as  follows.   ' 

1.93450    AB    86 
9,74380    S» A    33',  40' 


11,67830 
9.^2027    S,  C    56%  20' 


1.75803  a  c  57.28 

2^/;y,  Making  A  B  the  Radius,  'tis  plain  B  C,  the 
Leg  required,  will  be  the  Tangent  of  the  giveii 
Angle  A  ^by  the  4th  of  this),  and  fa  the  propor- 
pon;£6r  finding  BC,  when  AB  ^  jp()ade  x}i^  Rad^usg^ 
will  be, 

R:T,  A:jAB:BC 
L  e.  as  the  Radius  in  the  Tables,  is  to  die  Tai^ett 
<>f  the  Angle  A  in  the  fame,  fo  is  the  length  of  BA1^ 
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or  Radius  in  the  Scheme,  to  the  length  of  B  C  or 
Tangent  of  A  in  the  Scheme  \  therefore  looking  in 
Ae  Tables  for  the  parts  given  in  the  foregoing  pro- 
poroon,  aiid  proceeding  with  them  according  to 
that  Rtde^.  we  ihallfind  BC  to  be  57.28  as  before, 
the  Operation  will  be  as  follows : 


k , 


ji 


9,8235  a  .  T,  A 
i-9345<>     AB 


i6 


ix.7580^ 

IO.OOOOO    Rad.     90* 


1.75802    BC  "SjaZ 

LafUy,  by  making  BC,  the  Leg  required,  the 
Radius,  'tis  plain  that  AB  will  be  the  Tangent  of 
C,  and  the  proportion  for  finding  B  C  will  be  as 
follows: 

T,C:R::AB:BC 


I.  e.  as  the  Tangent  of  C 
is  to  Radius^  -  -  -  - 
fo  is  th«  Length  of  AB 


56^,  20^ 

-  900  - 

-86     ^ 


to  the  Length  of  B  C    -    57.28 


10.17648 
10.00000 

^■93450 

^1.93450 
10.17648 

175802 


CASE?. 

•    *  A 

^e  An^  and  one  of  the  Legs  given,  to  find  the 
Hypotbenufe.- 

Example.  In  the  Triangle  ABC,  fuppofe  A  B 
124,  and  the  Angle  A  34^,  20' ;  confequently  the 
Angle  C  55^,  40^  reauir'd  tire  Hypothenufe  A  C,,  in 
tiiie  fame  pinrts  with  AB. 


Geometrically. 


4« 


SPlam  Trigommirj* 


Geometricallj. 


•  •••< 


This  Cafe  is  conftra*. 
ded  after  the  fame  man- 
ner with  the  fprmer,  aud- 
the  Hypothenufe  A  C  is 
found  by  taking  it's 
length  in  your  Compaf- 
fes,  and  applying  that  to 
the  fame  line  of  eqyal 
,.  parts  you  took  A  B  from. 


ByCakulatm^ 

\Jt^  By  making  A  C  the  Radius  we  (hall  hay«  the 
following  proportion  for  finding  A  C,  nnz.  . 

S,  C:R::AB:AC 


i.  e.  as  the  Sine  of  C 
is  to  Radius     -    - 
foisAB    .    .    - 
to  AC    .    •    .    - 


55^  40' 

-  124   -   - 

150.2  -  - 


,-  9.91686 

-  1 0.00000 

-  2.09342 

-  2.17656 


2^/;y,  Making  A  B  the  Radius  we  have  this  pro- 
portion, viz. 

R:Sec.  A  ::  AB:  AC 


i.e.  as  Radius     - 

is  to  the  Secant  of  A 
foisAB  .  -  -  . 
to  AC    -    ^    -    - 


90^   - 
34^,  20/ 
-  124 
150.2 


10.00000 
10.08314 

-  2.09342 

-  2.17656 


This  may  be  done  without  the  help  of  the  Se- 
cants ;  for  fince  (by  Art.  76.  SeEt.  i.)  R  :  Sec. : : 
Co-S. :  R  \  therefore  the  former  proportion  will  be- 
come 

Co-S,  A:R::  AB:AC 

1. 9.  As 


i  e.  As  Ab  Co-Sine  of  A  34^,  20'  9.91686 
ktd  the  Radius-  -  -  -  -  ^o^  -  10.00000 
ibisAB^  •.>,,.  *.  •,  124  -  2.09342 
to  AC    --*-.-    150.2-    -    2.17656 

3  J/y,  Making  BC  the  Radius,  we  have  the  fol- 
lowing proportion,  viz.  ' 

T,  C:Sec,  QI::  AB:  AC 

i.  e.  as  the  Tangent  of  C  55^,  40'  10,16558 
is  to  Sec.  C  -  -  -  -  ss^^  4®'  10.24872 
foisAB--  ---  124-  -  2.09342 
to  AC----*-  150.2     -    2.17656 

This  likewife  may  be  done  without  the  help  of 
Secants,  for  fince  (by  Art.  76.  SeSl,  i.)  T,  :  Sec.  :  : 
S,  :  R  ;  therefore  the  fprnw  Analogy  will  be  re- 
duc'd  to  this,  vtz. 

;;    ^SjC:R::  A|t:  AC 
where  no  Secants  do  appear,  and  it  coincides  with 
that  in  the  firft'fupijofitipn  of  this  Cafe,  To  we  fhall 
not  repeat  the  dperadon. 

;  ;;      -      -     G  A-S  £   .  3^      - 

the  Legs. '  •        •     ^  . 

Example.  Iatj}e.T(i9Pg;ley^B  C,  fuppofe  the  Hy- 
pothenufe  At  146^  equal  parts,  and  the  Angle  A 
3^^»  ^5^-Cortf€q^euc:^y-A6  Angle  C  53"^,  35',  re- 
qslr'd  the  Leg.AB. 


-       K 


"    Ct^metficallfi 

Draw  the  Line  A  B  iit  pjeafure,  and  make  die 
Angle  B  AC  equal  to  36^,  25^  (by  Prok  ^..Sea.i,) 
then  take  AC  equal  to  14^  from  any  Line  of  equal 

H  *     patW, 
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parts ;  laftly  from  the  point  C  let  faD  the  perpendi- 
cular C  B  on  the  line  A  B.  So  the  Triangle  is  con- 
ftrufted,  and  AB  may  be  meafuced  from  the  line 
of  equal  parts.  -    -         ... 


t- 


Bj^  CaUulatitm. 

i/.  Making  AC  the  Radius  we  Ihall  have  the 
following  proportion,  viz. 

R:S,C::AC:AB 


u  e.  as  Radius    -    -    •    90^     -    - 
is  to  the  Sine  of  C     -     -  Si^'j  35'    ' 
fo  is  AC     -     -    -  -     -  146    -    - 
to  AB 117.5     -     ■ 

2 J/jf,  Making  A  B  the  Radius,  we  have  the  fcj^ 
lowing  Analogy,  viz. 

%c.  A  :  R  : :  AC  :  AB 


10.00000 
9.90565 
2.16435 
2.0700a 


i.e.  as  the  Secant  of  A  -  36^^25'  -  10.09435 
is  to  Radius  -  -  -  -  -90--  10.00000 
foisAC  -----  146  -  -  2.16435 
toAB    -    -    -    -    -     xi7^5     -    -    2.07000 

This  may  be  done  wkhput  the  help  of  Secants,  for 
fince  (by  ^r/.  y6.  Self,  i.)  Sec  :  R  :.:  R  :  Co-S  ; 
therefore  the  former  prdportion  may  be  reduc'd  to 
this,  viz. 

R: 


) 
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R:Co.S,A::  AC:AB 

which  is  the  fame  with  the  proportion  in  the  firft 
fuppofition. 

3^/3;,  By  fuppofing  EC  the  Radius,  we  have  the 
following  proportion,  viz. 

SecC:T.  C::  AC:  AB 

i 

f. >.  as  the  Secant  of  C  53^,35'     10.22647 

is  to  the  Tangent  of  C  53^,  35'      10.13212 

ib  is  AC     -     „     -    .  .     146     -     2.16435 

to  AB    -    -    f    -    •  -  1 17.5     -.    2.07000 

C  A  S>  £     4* 

m  two  Legs  heing  ghen^  to  find  the  Angles. 
'..Example,    In  the  Triangle  ABC,  fuppofe  AB 
94  and  BC  s^9  requir'd  the  Angles  A  and  C 

Qeometricalfy. 

Draw  AB  equal  to  94,  from  any  line  of  equal 
parts,  then  from  the  point  B  rdfe  BC  perpendicu- 
lar to  A  B  (by  Prok  4.  Sea.  i.)  and  uke  BC,  from 
the  former  line  of  eaual  parts  \    C 

equal  to  56  ;    laAly,  join 
die  points  A  and  C  with  the 
ftreight  line  A  C,  fo  theTri  - 
angle  is  c6nftru(3:ed,  and  the  p^ 
Angles  may  be  meafur*d  by 

rob.  10.  Se£l.rX. 

By  Calculation. 

ift^  Suppoling  AB  the  Radius  we  have  this  A- 
nalogy,  viz. 

AB:BC::R:T.  A 

i.e.  as  AB     -    -    -    94    .    -  -      1*97313 

istoBC   -    ^    .    ^    ^6    '    '  -*      1.74819 

fo  is  the  Radius  -    -     90^  .    ,  -     10.00000 

to  the  Tangent  of  A  30^,  47'    -  -    9.77506 

H  2  2d/y, 
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2dly^  Makiftg  BC  the  Radius  ^fehive  this  pro- 
portion, friz.  ■»     '''  A 

BC:BA::R:T.C 


u  e.  as  BC      -    -' 
is  to  A  B  .  -    •    - 

fo  is  the  Radius    -    -  90^ 
to  the  Tangent  of  C  59^,  13' 


56    -    ^ 
-  94    -   > 


^     1-97313 

-    lO.OOOQO 
-     ig.22494 


C  A  S-  E     >•   ^    . 

Tlbe  Hypotbenufe^  and  one  of  the  Legs  gvuen^  to  find 
the  Angles. 

Example.  In  the  Triai^le  DEF>  fuppofe  the 
Leg  DE83,  -and  the  Hypothenufe  -DF  126,  re* 
quired  the  Angles  D^nd  F.  c    . 

Geometrically. 

_  ■  •  ^ 

Draw  the  line  DE  83,  from  any  liac  of  etpjui 
farts,  -and  from  fHe  \pbiht  E  raife  the  perjiehdicuiat* 

y        E  F,  then  take  the.  lei^th  of 
DF  126,  from  the 'fameJim 
of ^qual  parts,  and  fetting  orte 
foot  of  your  Cbmpafles  in  D 
with  the  other  crofe  the  per^ 
pendicular  EF  in  F  i    laftly, 
■  E     join  D  and  F,  fo  the  Triangle 
•         is  qonftru6l^d,  and  the  Angles 
: . . .  -   may  be  meafqred  by  Prob,  i  q, 
Sea.  !• 


Df- 


By  Calculation. 

I/?,  Making  DF  the  Radius,  we  have  this  pro- 
portion, viz. 

PF:DE;:R:S,F 

i.  e^ 
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I*.  ^asDF-    -    -    -    126    -    -     2.10037 
istoDE    -    -    -    -      83     -    -     1.91908 

fo  is  the  Radius  -  -  -  90*'  •  -  10.00000 
to  the  Sine  iof  F    -    4i'*»ja'   -    -    9.8 1871 

• 

2  J/y,  By  fuppofing  D£  tke  Radius,  we  have  the 
following  Analogy,  viz. 

.DErDF::R:Scc,D 

i.e.  ftsDE  -  -  -  -  83  -  -  -  1.9x908 
istoDF  .  -  -  -  -  126  -  -  -  0,10037 
lb  is  the  Radius  -  -  90^  -  -  10.00000 
to  the  Secant  of  D    -    48^48'    -   ro.18129 

This  may  be  ^ne  without  the  help  of  Secants, 
for  lince  by  Jrt.  j6.  SeS.  i,  R  :  Sec,  : :  Co-S  :  R  % 
therelbre  the  proceeding  Ana]<^  will  become  this, 
viz. 

J)F  :DE::R:Co-S,  D, 

in  which  no  Secants  do  appear ;  and  it  plainly  co^ 
incides  with  the  jproportipn  dedifc'4  from  the  iir(t 
Suppofition. 

^etwo  Legsghefij  to  find  the  Hjpotbenufi. 
Example.  £1  the  Triangle  A  6  D,  fuppofe  the  Leg 
A  6,64,  and  B  0,56,  required  die  Hypothenufc, 

Geomtricalfy^ 

The  Cdnftruftipn  of  this  Cafe  is  perform'^ 
the  fame  way  as  in  the  fourth  Cife, 
and  the  length  of  the  Hypothc- 
nufe  AB  is  found  by  taking  it  in 
your  Compafles,  and  applying  it 
to  the  fame  line  of  equal  parts,  A^ 
(h^t  the  twoLegs  were  taken  fromt 
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B/ Calculation. 

*  ^  •  •  ^ 

This  Cafe  being  a  Compound  of  the  4tb  and  '2d 
Cafes,  we  muft  firft  find  the  Angles  by  the  4/A  thus/i 
(  AB:DB::R:T,A 

f.  e.  as  the  Leg  A  B    -    -    64-    .  —    1.8061 8 
is  to  the  Leg  D  B     •    -    56     -     -     1.748 15 

fo  is  the  Radius    *    -    -  90    •*    -  ro.oooop 

to  the  Tangent  of  A  -  41%  11^     -  9.9420k 

Then  by  the  ^d  Cafe  we  find  the  Hypothenufe 
requir*d  (hus : 

S,  A:R::BD:AD       ' 

.    i.<f.  astheSineofA    -    41^,11'    -    9.81854- 
is  to  the  Radius    -    •    -    90^     -      io.ooock> 
foistheLegBD     -    -*      56'  -   •-     1.748 19 
to  the  Hypothenufe  AD    85.05     -      ^'$'^9^5 

This  Cafe  may  alfo  be  folv'd  after  the  following 
manner,  viz. 

From  twice  the  Log.  of  the  greater  fide  AB  3.61236 
fubtra^a  the  Log,  of  the  lefler  fide  B  D  -    1.748 19 

^nd  there  remains  r  ^  -  -  -  *  -  1.8  641 7 
the  Lpgarithni  of  73.15  to  which  adding  the  lefler 
fideBD,  we  (hall  have  189.15  whofeLegj.  is2.ii093 
to  which  add  the  Log.  of  the  lefler  fide  B  D  i  .748 1 9 

and  the  Sum  will  be  -  ^  -  -  -  -  3.85912 
the  half  of  which  is  -  •  -  -  -  -  1,92956 
the  Logari^Jini  of  the  Hypothenufe  required. 

Or  it  may  be  dpne  by  adding  the  fquare  of  the 
two  fides  together,  ^nd  taking  the  Logarithm  of 
that  Sum,  the  half  of  which  is  the  Logarithm  of  the 
Hyppthcni^fc  reqyir'd  thus  in  the  pretent  Cafe : 

The 
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the  fquare  of  A  B  (64;  is 4096 

the  fquare  of  B  D  {56)  is  .  -    r    -    -    *    3136 

the  fum  of  thefe fquares,  is    -    -   -    -    .    7232 
the  Logarithm ^of  which,  is     ^   >:^    -    3.85926 
riiehalfof which^'  js    -    -    -    -'  *    ..     1.92962'* 
the  Logarithm  of  85.05  the  Length  Of  the  Hypo» 
thenufe  rcquir'd^  •   -  '  ♦ 

CASE    7. 

i 

"The  Hypotbenufe  and  one  of  ,  the  Jb^s  ffven^  to  find 
the  other  Leg. 

I  Example.  In  the  Triangle  B  G  D,  fuppofe  the 
Leg  BG,  87,  and  the  Hypothenuic  B  D  142,  re- 
quired the  Leg  D  G. . . 

Geometrically. 

The  Conftruaion  here  is  the  iame  as  in  Cafe  5th 
the  fame  things  being  given  j  and  the  Leg  D  G  is 

»  ■  •  •  •  •      • 

...  ••  « • 


( J 


f 


found  by  taking  its  length  in  your  Compaffcs,  and 
applying  that  to  the  fame   line   of  equal  parts. 


the  others  were  taken  from. 


£/ 


•    -     By  Calcuhahn. 

The  Solution  of  this^  Cafe  dt^peiV^^  upon  the  ifi 
and  s^k%  ^^^  firft  we  nuiftfuid  the  QbUquQ  An* 
fidts  by  Cafe  s^^  thmi 

DB:  BG::  R:  S^B 

i.e.  as  the  Hypoth.  D  B  -     142    -    -  2.15229 

is  to  the  Leg  BG     -     -      i^    -    -  i '93 95 2 

fo  is  Radius  -    -.   r    -    90^,,  -    ,-  jOiOoooo' 

'    to  the  Sine  of  ^D    -    -    37^47'    -  978723 

Then  by  Gafe  i/?  we  find  Ae,Le^  DG  required 
thus:. 

R:  S,  B::  BD:  DG. 

^'.  ^.  as  Radius     -    ^    90^.  ^  -  -     10.00000 

is  to  the  Suie  of  B    -  52^,  13^  -  -     9.89781 

/   fo  is  the  Hypodi.  DB    '142.    ♦  -  -^    2.1^229 

to  the  Leg  D  G    -^    xi2.%   -  -.  -     2.05010 

The  Leg  D  G  may  alfo  be  found  in  the  follow- 
ing manner,  viz. 

to  the  Log.  of  the  Sum  of  the  Hypo-->  ^-^o . 
thenufe  and  given  Leg,  viz.  229  -  ^•3594 
add  the  Log.  of  their  difference,  viz.-s  5 -1.74036 

and  their  Sum  is    ------    •  4.10020 

the  half  of  that  is    ------    2.05010 

the  Log*  of  1 1 2.2  the  Leg  required. 

Or  It  may  be  done  by  taking  the  Square  of  the 
given  Leg  from  the  Square  of  the  Hypothenufe, 
r  and   ijbe  iquare  .Root;  of  the   ReoMinder  is  the 
Xeg  requir'd  thus  in  the  pre^Eoit  Cafi?;; 


•  V 


the 
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die  Square  of  the  Hypothenufe  142,  is      -    20164 
Ac  Square  of  the  Leg  B  G  87,  is    -    -    -    7569 

the  Difference  of  them  is  -  -  -  -  12595 
whofe  Logarithm  is  -  -  -  -  -  4.10020 
and  half  of  that  Logarithm  is    -    -    -  2.05010 

which  anfwers  to  the  Natural  Number  11 2.4  the 

Leg  requir'd. 

Thus  we  have  gone  thro*  the  feven  Cafes  of  right- 
angled  Plain  Trigonometry y  from  which  we  may  bb* 
fcrve  ; 

1.  That  to  find  a  Side,  when  the  Angles  are  gi- 
ven, any  Side  may  be  made  the  Radius. 

2.  To  find  an  Angle,  one  of  the  given  Sides  muft 
of  neceffity  be  made  the  Radius. 

We  now  proceed  to  the  Solution  of  the  fix  Cafes 
of  Oblique-angled  Plain  Trigonoffietry^  in  order  to 
which  we  muft  premife  the  following  Theorems. 

Theorem  i.  In  any  Triangle,  the  Sides  are  pro- 
portional to  the  Sines  of  the  oppofite  Angles.  Thus 
in  the  Triangle  ABC,  I  fay  AB  :  BC  : :  S,  C:  S,A 
and  AB  :  A  C  : :  S,  C  :  S,  B  ;  alfo  AC  :  BC  : : 
S,B:S,A. 

*  Demonftration.  Let  the  Triangle  ABC  be  in- 
fcrib'd  in  a  Circle ;  then  'tis  plain,  from  Jrt.  66: 
Se£f.  I .  that  the  half  of  each  fide  is  the  Sine  of  its 
oppofite  Angle,  but  (by  Jrt.  72.  Self,  i.)  the  Sines  , 
ofthefe  Angles  in  Tabular  Parts,  arc  proportional 
to  the  Sines  of  the  fame 
in  any  other  meafure ; 
therefore  in  the  Trian- 
gle ABC,  the  Sines  of 
the  Angles  will  be  as  the 
halves  of  their  oppofite 
fides ;  and  fince  the  hal- 
ves are  as  the  wholes,  it  follows  that  the  Sines  of 
the  Angles  are  as  their  oppofite  fides,  /•  e.  S,  C  '• 
S,  A::  AB.BC,  Csfr. 

I        •  Tbsor. 


it  Tiain  Tri^momeir}. 

Thet^.  2i  Inainy  plain  Triangle,  as  ABC,  thefuni. 
of  the  fides,-  AB  and  BC,  is  to  the  difFcrence  of 
thefe  fides,  as  the  Tangent  of  half  the  fum  pf  the 
Angles  at  the  bafe,  viz.  A  and  C,..is  to  the  Tan- 
gent of  half  the  difference  of  thefe  Angles, 

Demon.  Produce  A  B  and  make  B  H  equal  to  BC,- 
join  H  C  and  from  B  let  fall  the  perpendicular  B  E, 
thro*  B  draw  BD  parallel  to  A  C,  arid  make  HF 
equal  to  CD,  and  join  BF,  alfo  take  BI  equal  to 
B  A,  and  draw  IG  parallel  to  B  D  or  AC. 

Then  *tis  plain  that  AH  will  be  the  fum^  and 
HI  the  difference  of  the  fides  AB  and  BC;  and 
fince  HB  is  equal  to  BC,  and  BE  perpendicular  to 
HC,  therefore  HE  is  equal  to  EC ;  and  BD  be- 
ing parallel  to  AC  and  IG,  and  AB  equal  to  BI, 
this ref ore  C  D  or  HF  is  equal  to  G  D,  and  confe- 
quenriy  H  G  is  equal  to  F  D,  and  half  H  G  is  equal 
to  half  FD  or  E  D.  Again,  Since  H  B  is  equal 
toBC,  and  BE  perpendicular  to  HC,  therefore 
the  Angle  EBC  is  half  the  Angle  HBC  ;  but  (by 
Art.  60.  SeS.  i.;  the  Angle  HBC  is  equal  to  tlic 
fum  of  the  Angles  A  and  C,  confequently  the  Angle 
EBC  is  equal  to  half  the  fum  of  the  Angles  A  and  C* 
Alfo  fince  HB  is  equal  to  BC,  and  HF  equal  to 
CD,  and  the  included  Angles  BHF,  BCD  e- 
qual,  it  follows  (by  Art.62.  Se£t.i.)  that  the  An- 
gle H  B  F  is  equal  to  the  Angle  D  B  C,  which  is 
equal  to  BCA  (hy  Art.  36.  Se£l.  i.)\  and  finc^ 
H  B  D  is  equal  to  the  Angle  A  (by  Art.  37.  Seil.i.) 
and  H B F  equal  to  BCA,  therefore  FB D  is  t^c 
difference,  and  E  B  D  half  the  difference  of  the  two 
Angles  A  and  BCA;  fo  making  E  B  the  Radius, 
'tis  plain  E  C  is  the  Tangent  of  half  the  fum,  and 
El  D  the  Tangent  of  half  the  difference  of  the  two 
Angles  at  the  Bafe.  Now  IG  being  parallel  to  A  C, 
the  Triangles  H I G  and  HA  C  will  oe  equiangular, 
confequently  ("by  Art.  74.  \Se3.  1.)  AH:  IH  :: 
C  H  :  G  H,   but  the  wholes  arc  as  their  halves, 

therefore 
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tbcreforc  AH  :  IH  : :  ^  CH  :  i  GH  ;  and  fince 
ii  C  H  is  equal  to  EC,  and  i  GH  equal  to  i  F  D 
equal  ED,    therefore  AH  :  IH  : :  EC  :  ED. 

Now  A  H  is  the  fum  and  I H  the  difi'erence  of  the 
fides,  aifo  E  C  \%  the  Tangent  of  half  the  fum,  and 
E  D  the  .Tangent  of  half  the  difference  of  the  two 
Angles  at  the  Bafe  ;  confequently  in  any  Triangle, 
as  the  fum  of  the  fides,  is  to  their  difference,  lo  is 
the  Tangent  of  half  the  fum  of  the  Angles  at  the 
Bafe»  to  the  Taingent  pf  half  their  difference. 


^eor.  3.  If  to  half  the  fum  of  two  Quantities  be 
added  half  their  difference,  the  fum  will  be  the 
greater  of  them,  and  if  from  half  their  fum  be  fub- 
trafted  half  their  difference,  the  Remainder  will  be 
the  lead  of  them. 

Demon.  Let  the  two  Quantities  be  reprefented 
by  the  lines  A  B  and  B  C  ^making  one  continued 
line)  whereof  A  B  is  the  greater,  and  BC  the  lefler. 
Bifeft  the  whole  line  A  C  in  E,  and  make  A  D  e- 
qual  to  B  C;  then  *tis  plain  AC  is  the  fum  and  DB 
the  difference  of  the  two  Quantities,  and  A  E  or 
E  C  their  half  fum,  and  E  D  or  E  B  their  half  dif- 
ference. Now  if  to  A  E  we  add  E  B,  *tis  plain  the 
film  will  be  A  B,  that  is,  if  to  half  the  fum  we  add 
the  half  <Sfference,  the  fum  will  be  the^  greater 
Quantity ;  alfo  if  from  EC  we  take  EB,  the  Re- 

\  %  mainder 
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mainder  will  be  B  C,  that  is,  if  frdm  half  the  fun* 
we  take  half  the  differenci?  of  two  Quantities,  the 
Remainder  will  be  the  leaft  of  them. 


A. 
D 


J. 
E 


B 


^eor.  4.  In  any;  right  lin'd  Triangle,  A  B  D,  the 
bafe  A  D  is  to  tlie  fum  of  the  fides  A  B  and  B  D, 
as  the  difference  of  the  fides,  is  to  the  difference  of 
the  Segments  of  the  bafe  made  by  the  perpendicu- 
lar B  E,  viz.  the  difference  between  A  E  and  E  P. 

Demon.  Produce  D  B  till  B  G  be  equal  to  B  A 
the  leffer  Leg  j  and  on  B  as  a  Center  with  the  di- 
ftance  B  A  or  B  G  defcribe  the  Circle  A  G  H  F, 
which  will  cut  B  D  and  AD  in  the  points  H  and  F  j 
then  'tis  plain,  G  P  is  the  fum  and  H  D  the  diffe- 
rence of  the  fides,  alfo  fince  A  E  is  equal  to  E  F 
(by  Jrt.  64.  Seil.  1 .)  therefore  F  D  is  the  difference 
of  the  Segments  of  the  bafe  \  but  hy  Art.  75.  SeS.i^ 
A  D  :  G  D  : :  H  D  :  F  D  -,  therefore  the  bafe,  is  to 
iJiit  fum  of  the  fides,  ^c,  as  was  tp  be  proved. 


*  •, 


?••••••• 


CASE     I. 

In  any  tUique-angled  plain  triangle  \  two  Sides,  and 
^n  Angle  oppoftle  to  one  (ftbemy  given^  to  find  ti>o  4«- 
i/^  (il>p<ift(e  to  tke  9tber, 
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Example.  In  the  Triangle  ABC,  fuppofe  AB 
156,*  BC  84,  and  the  Angle  Q  oppofite  to  B  A, 
^6^9  30'  5  required  the  Angle  A  oppofite  to  BC 

Geometrically. 

Draw  the  line  A  C»  and  at  ^ny  point  of  it,  fup* 
-pofe  C,  make  the  Angle  C  equal  to  s^^^  3^'  (^y 
Proh  lo,  SeSt.i.)  1} 

take  CB  equal  to 
84  -,  and  with  the 
Lengdi  of  156  (ta- 
ken rrom  the  fame 

line  of  equal  parts    A^^  \ \C{ 

with  CB)  in  your  Compafles,  fixing  one  foot  in  B, 

with  the  other  crofs  A  C  in  A.    Laftly  join  A  an4 

:B  ;  fo  the  Triangle  is  conftrufted,  and  the  required 

Angle  A  may  be  meafuPd  by  Proh.  1 1,  Sea.  i.     •' 

By  Calculation. 

By  theorem  1.  we  have  the  following  proportion 
for  finding  the  Angle  A,  viz. 

AB:S,  C:  :BC:S,  A, 

1.  e.  as  the  Leg  AB    -    -     156^     -  2.1931Z 
is  to  the  Sine  of  its  oppofite  Angle  C, 

56^^  20'    ------    -  9.92H1 

fo  is  the  Leg  BC    -    -    -    84     -  1.92428 


■MHtH 


".84539 
2.I93I2 

to  jhc  Sm.e  of  its  opp.  AngleA  2$^,  41'  9.65227" 

V 

V  A  S  £     2* 

^e  4n^5^  and  a  Side  oppofite  to  ifne  oftbem^  giv^^ 
to  find  a  Side  oppofite  to  another. 

Example. 


4i  T^^T^^^^^^&r 

[  -Example.  In  the  Triangle  HB G^  fuppofe  the 
Angle  H  46^,  1.5  V  <^d  the  Angle  B  54^,  2z',  con- 
fcquently  the  AJ^^fe  G  7^%  23^  and  the  Li^^HB 
125,  required  HG. 

Geometrically. 

X)raw  HB  125,  from  any  Line  of  equal  part^ 

and  make  the  Angle  H 
46^,15';  andB54'',22(, 
then  produce  the  lines  HG 
and  B  G  till  they  meet  one 
another  in  the  point  G ;  fo 
the  Triangle  is  conftru^ed 
£  and  H  G  is  meafured  by 
taking  its  length  in  your 

CompalTes,  and  applyii^  it  to  the  iame  line  of  ^« 

ifiial  parts  that  H  B  was  taken  from. 

By  Calatlativn, 

By  the  £rft  of  the  preceediDe  Theorems,  we 
have  this  analogy  for  hnding  H  G.  viz. 

S»G:HB::S,B:Ha 

r  %e.  ^s  the  ^ineof  6   *    79^123'  •   ^.99250 

is  to  the  Leg  HB    -    ^     125    ^  -  1.09691 

•  ib  is  the  Sine  of  B-  -    -54*^,2^'  •  ^9^99^ 

CO  the  Leg  HG  ^   ^  ^  203.4    *«  *  a.01437 

CASE     3. 

Two  iides  and  an  An^e  oppoftte  to  one  of  them  given^ 
to  find  the  third  Side. 

Example.  In  the  Triangte  KLM,  fuppofe  the 
Side  KL  126  equal  parts,  and.  KM  i30ofthcfc 
parts,  and  Ae  Angle  L  (ofpoTite  CO  KM)  ^3^,  20', 
required  the  fide  M  L. 

Geometrically. 


J 


* 

Geometricallj^ 
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The  Geometrical  ConftruaiQn,  of  this  Cafe  is  the 
'  fame  with  that  in  Cdfn •  (there  being  m- 

the  fame  things  giyen  in  both)  and  "^ 

the  Leg  M  L  majr  l?e  meafur'd  bjr 
applying  it  to  die  fame  lirje  of  eqnal    ' 
parts  that  the  other  two  were  taken   v; 
from. 

By  CaUulatim. 

The  Soludon  of  this  Cafe  depends  upon  the  two 
preceeding,  and  firft  we  muit-  fihd  the  other  two 
Angles  by  Cafe  i«  thus  ; 

MK:S,  L::KL:S,M. 

i.  e.  as  the  Side  M  K  -    2-  jop    *  ^  2. 1 139^- 

is  to  the  Sine  of  L     -    -  6^^^  20*  -  9.951 10 

fo  is  the  Side  KL-    .     126    ^  «  2.10037 

tothe^ineofM    -    -    60^, *  i'  -  9*93759 

Thea  by  Co/?  2.  we  find  the  |-equir*d  Leg  ML 
S,L;MK;:SiK?ML. 

i.  e.  as  the  Sine  of  L    -    63 ^,  20^    -  9.95 116 

•    istoMK    -    -    -    .    -  130    -    -  2.11394 

Ibis  the  Sine  of  K  .-    -  53,-39:'  -  9.90602 

toML    .--..-    ^     117.2:-  r  2.0685a 

e  A  s  E    4. 

Two  Sides  and  the  Contained  Angle  given^  to  find  tbc 
^(ber  two  Angles. 

Epcampkw 
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Exampk.  In  the  Triangle  A  CD,  fuppofc  AC 
103,  and  A  D  126,  and  the  Angle  A  54^,  30',  re- 
quir'd  the  Angles  C  and  D. 

•      •  •  .      M        • 

Geometrical^. 

Draw  AD  126  equal  parts,  and  make  the  Angle 
A,  54®,  ^o',  then  fct  103  equal  parts  from  A  to  C. 
lj4t)y,  join  C  and  D  j  and  fo  the  Triangle  is  con- 


« 


t 

f 


A^    I     ,  ,  >D 


ftrufted,  and  the  Angles  C -and  D  may  bp  mcafur'd 
by  the  line  of  Chords.  ~ 

Bj^  Calculation. 

*  The  Solution  of  this  Cafe  depends  upon  the  fe- 
cond  and  third  of  the  preceeding  Theorems ;  and 
firft  we  muft  find  the  Sum  and  Difference  of  the 
Sides,  and  half  the  Sum  of  the  unknown  Angles. 
Thus, 

the  Leg  AD  is     .;---------    126 

the  Leg  ACis-    -------     103 

their  Sum  is     -«.---^---     229 
and  their  Difference  is    ------     23 

the  Sum  of  the  three  Angles  A,  D  and  C  is  180^ 
.the  Angle  A  is    -----••-     54^,  30' 

fo  the  Sum  of  the  Angles  C  and  D  will  be     125,30 

and  half  their  Sum  is 62*^,45' 

then 


.    Then  by  ^forem^.  we  have  the  follawihg  Pro- 
portion, viz. 

AstheSum  of  theSidesAD  and  AC  129 '-,2.2  59^4. 
is  to  their  Difference      -    -    -    -    23  — 1.3 61 73 

foistheTang.ofhalftheSihnX/r^Q  ,^1     ,^oqqt/c 
of  the  unkSown  Angles  -  J  ^^"^  A5^ -10.2SS  16 

to-  the  Tang,  of  half  tjicir  Diff.  11^,  2'  -^9,29005 
Now  having  half  the  Sum  and  half  the  Difference 
of  the  two  unknown  Angles  C  and  D,  we  fimd  the 
Quantity  of  each  of  them  by  Theorem  3.  thus,' 
To  half  the -Sum  of  the  Angles  C  and  D  -  69.^ y  .45* 
add  half  their  Difference     -     -    -    -    i*ii,o2 

and  the  Sum  is  the  greater  Angle  C     -    73  »  47 

Again  from  half  the  Sum  ^  .  •    .-    -.    -    62  ^  45 

take  half  the  Difference    -    *•     -    -    -     1 1  ,  02 

•  •  .  » ^_ 

and  there  will  remain  the  lefTer  Angle  D  r  5i>  45 

C  At  S  £     "S* 

-  Twe-  Sides  and  the  Contained  An^  gpen^  to  fitid  the 
third  Side. 

Example.  In  the  Triangle  BCD,  fuppofe  BC 
154,  and  BD  133,  and  the  Angle B  56^^  o^\  re- 
quired the  Sfde  C  D./ * 

Geometrically. 

t  * 

f  . 

The  Geometrical  Conftruftion  of  this  Cafe  is  the 


\ 


fame  with  that  of  the  laft,  and  the  Length  of  D  C 

K  is 
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h  found  by  taking  its^Lengthin  your  Compaflfe,  and 
applying  it  to  the  fame  Line  of  equal  Parts  that  the 
two  Lejgs  we're  taken  from. 

By  Calculation. 

The  Solution  of  this  Cafe  depends  upon  the  fe- 
cond  and  fourth  -,  and  firft  we  muft  find  the  Angles 
by  the  laft  Cafe  \  thus, 

As  the  Sum  of  the  Sides  BD  and  B  C  287  -  -  2.45788 
is  to  their  Difference  -  -  -  -  21 --  1.32222 
fo  is  the  Tangentof  half  the  7  ^  ©  /;8'--io.27372. 

Sum  of  the  Angles  D  and  C  J       '^  'l' 

to  the  Tangent  of  half  their  Diff.  7.  5°  "  9-*3ooo 

So  by  Theorem  3.  we  have  the  Angles  D  and  C 
thus, 

•to  half  the  Sum  of  the  Angles  D  and  C  -  6i*»,  58' 
add  half  their  Difference 7  *  50 

and  the  Sum  is  the  greater  Angle  D  -    -    69  ,  48 

Alfo,  from  half  the  Suni  .-  -  -  -  61  ,  58 
take  half  the  Difference    -    -    -    -    ■      7  9  5^ 

and  there  remains  the  leffer  Angle  C    -    54,    08 

Then  by  Cafe  2.  we  have  the  following  Analogy 
for  finding  D  C  the  Leg  requir'd,  viz. 

S,C:BD::S,B:D<:. 

i.(r.  astheSmeofC    -    54%  08'    -  9.90869 

istoBD 133     -    -  2.12385 

fo  is  the  Sine  of  B    -    -    56,03     -  9.91883 

toDC    -    -    -    -    -    -  136.2     -  2.13399 

CASE 
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GAS  E    €. 

Three  Sides  ffven^  to  find  the  Angles. 

Example.  In  the  Triangle  ABC,  fuppofe  AB 
156,  BC  84,  and  AC  185.7;  rcqtiir'd  the  Angles 
A^B,  andC.  r 

Geome  ncalfy. 

Make  AC  185.7  from  any  line  of  equal  Parts, 
and  from  the  fame  Line  taking  156,  the  length  of 
A  B,  in  your  Compaffes,  fix  one  Foot  of  them  in 
A,  and  with  the  other  fweep  an  Arch  j  then  take 
84,  the  Length  of  BC,  and  fixing  one  Foot  in  C, 

B 


with  the  other  fweep  an  Arch,  which  will  crofs  the 
former  in  B  %  laftly  join  the  Points  B  A  and  B  C,  fo 
die  Triangle  will  conftrufted,  and  the  Angles  may 
be  meafur'd  by  the  line  of  Chords. 

By  Calculation. 

Let  fall  the  Perpendicular  B  D  from  the  Vertex 
B,  upon  the  Bafe  A  C,  which  will  divide  the  Bafe 
into  the  two  Segments  A  D  and  D  C,  and  to  find 
the  Lengths  of  thefe,  we  have,  by  Theorem  4.  the 
following  Proportion,  viz. 

K,2  As 
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AstheBafeAC  -----  185.7- -2.26893 
is  tothefumoftbefidcs  AB  &BC240  --  2.38031 
fo  is  the  Difference  of  the  Side*    -     72  —  i -85733 

to  the  Diffi  of  the  Segments  of  the  Bafe  93  -  - 1 .9687 1 

And  haying  the  Sum  of  the  Segments,  viz.  the 
whole  Bafe,  and  their  Difference,  we  find  the  Seg- 
ments themfelves,   by  theorem  3.  thus. 

To  half  the  Sum  of  the  Segtnents    -     •    -92.8 
add  half  their  Difference  - ,46  •  5 

and  the  Sum  is  the  greater  Segment  AP  -  139 . 3 

Alfo*  from  half  the  Sum  of  the  Scgmeiits    -,    94.8, 
take  half  their  Difference    -     -    -    -     -   .-  .46.5 

the  Remainder  is  the  leflcr  Segment  DC    -    46 . 3 

Now  the  Triangle  ABC  is  divided,  by  the  Per- 
pendicular DB  into  two  Right-angled  Triangles, 
ADB,  and  DBC ;  in  the  firft  of  which -are  given 
the  Hypothenufe  AB  156,  and  the  Bafe  AD  139.3 
to  find  the  oblique  Angles,  for  which  we  have  (by 
Cafe  5.  of  Reftangular  Trigonometry)  the  following 
Analogy,  viz.  •     - 

As  AB     *    .    rf    .    -    .     -     126    -    2.19312 

is  to  AD    ....    .    .      139-3'  -.    2.14395^ 

fo  is  the  Radius    -----  90^*    -    10.00000 

to  the  Co-Sine  of  the  Angle  A  2&^,  40'  -- 9.95083 

Alfo  the  Angle  C .  is  found  by  the  fame  Cafe, 
thusi,  . 

As  B.C    -   .    •-    -    -    84    -    .    -  - .  1.92428 

istoCD     -    -     -     -    46.3     ...  *  1.66558 

fo  is  the  Radius     -  '  -     90^     -    -     -  lo.coooo 

to  the  Co- Sine  of  C    56^,30'    -    •    -    9.74130 

Having 
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Having  found  the  two  Angles  A  and  C,  we  have 
the  third,  B,  by  taking  the  Sum  of  the  other  two 
from  180,  thus. 

The  Sum  of  all  the  three  Angles  is    -     1 80^ 
.  the  Sum  of  A  and  C  is    -^^  -    -    •      83     10 

the  Angle  B  is  *  -     .    :,    -    ^    -    -      96     50 

*  j)Jl  the  Proportions  us*d  for  the  Solutions  of  the 
feveral  Cafes  in  Plain  Trigonometry^  may  be  perfor- 
med by  the  Scale  and  Compafs.  On  the  Scale  there 
are  feveral  Logarithmic  Lines,  viz.  one  of  Num- 
bers, another  of  Sines,  and  one  of  Tangents,  &?f. 
Aqd  the  way  of  working  a  Proportion  by  thefe  is 
this,  viz.  Extend  your  Compafles  from  the  firit 
Term  of  your  Proportion,  found  on  the  Scale,  to 
the  fecond,  and  wi(ii  that  Extent,  fixing  one  Foot 
in  the  third  Term,  the  other  will  reach  the  fourth 
Term  requir*d. 

"_ _JC . . _i 


SECT.    IIL 

0/ibe  Principles  of  GEOGRAPHr  and 

JSTRONOMT. 

/  • 

i.nptHE  Land  and  Water  of  this  Earth  make 
JL    up  a  CompofitioA  of  a  Spherical  Form,  or 
rather  an  oblong  Figure,  which  is  called  the  Terra- 
queous Globe. 

2.  This  Globe  moves  round  its  Axis  in  24  Hours^ 
from  Weft  to  Eaft  ;  and  thereby  caufing  the  Cele- 
ftial  Bodies  to  revolve,  apparently  from   Eaft  to 
Weft,  in  the  fame  time,  makes  the  Viciffitudes  of 
Day  and  Night. 

3.  Thefe 
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3.  Thefe  two  Poincs  in  which  the  Axis  of  the 
Earth  meets  the  Surface,  are  call'd  the  Poles  of  the' 
Earth ;  and  if  the  Axis  be  produced  on  both  Sides^ 
to  the  Heavens,  it  will  cut  them  in  two  oppofite 
Points  call'd  the  Celefiial  Poles.  The  one  towards 
the  North,  is  called  the  Artk  Pole ;  and  the  other 
towards  the  South,  the  AntarSlic. 

4.  Circles  upon  a  Sphere,  are  either  Great  or 
Leffer.  A  Great  Circle^  is  that  whofe  Plain  pa0es 
dirough  the  Center  of  the  Sphere,  or  whofe  Dia- 
meter is  equal  to  the  Diameter  of  the  Sphere.  A 
Lejfer  Circle  is  that  whofe  Plain  does  not  pais  thro* 
the  Center  of  the  Sphere,  or  whofe  Diameter  is  lefs 
than  die  Diameter  of  die  Sphere. 

Cor.  I .  Hence  it  is  plain,  that  all  great  Circles 
upon  a  Sphere  divide  it  into  Halves,  and  all  lelTer 
Circles  divide  it  unequally. 

Cor.  2.  And  fince  all  great  Circles  have  the  fame 
Center,  viz.  that  of  the  Sphere,  it  is  plain  they 
muft  bifeft  one  another. 

5.  Since  the  Earth  moves  Mund  it's  Axis,  'tis 
plain  that  every  Point  in  the  Sumce  (except  the  two 
Poles  which  are  at  Reft)  will  defcribe  the  Circum- 
ference of  a  Circle ;  and  that  which  is  defcrib'd  by 
a  Point  lying  in  the  middle  between  the  two  Poles, 
is  call'd  the  Equator^  or  EquinoStialLine^  or  fimply. 
i^tLine. 

6.  If  the  Plain  of  the  Equator  be  produced  to  the 
Heavens,  it  will  there  mark  out  a  Circle  caird  the 

f  Celeftial  E^uator^  which  will  divide  the  £ai;th  and 
Heavens  into  two  Hemifpheres,  that  towards  the 
North  caird  the  Northern  Hemifpbere^  and  that  to- 
wards the  South,  the  Southern. 

7.  Great  Circles  palling  through  the  Poles  of  the 
World,  and  cutting  the  Equator  at  Right  Angles, 
are  call'd  Meridians  i  and  that  which  pafTes  over 
any  Place,  is  caU'd  the  Meridian  of  that  Place. 

8,  The 
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S.  The  Diftancc  of  any  Place  upon  the  Earth, 
from  the  Equator,  counted  in  Degrees  upon  the 
Meridian,  is  called  the  Latitude  of  that  Place ;  and 
it  is  either  North  or  South,  according  as  it  lies 
upon  the  Nordi  or  South  Side  of  the  Equator. 

9.  Since  by  the  Rotation  df  the  Earth  about  it*!$ 
Axis,  every  Point  upon  it's  Surface  defcribes  a 
Circle,  'tis  plain  all  the  Points  between  the  Equator 
and  Poles,  muft  defcribe  Circles  parallel  to  the  £- 
quator ;  and  thefe  are  called  Parallels  of  Latitude. 

I  o.  The  Difference  of  Latitude  between  two  Places,* 
is  the  Arch  of  a  Meridian,  contained  between  the 
Parallels  of  Latitude  paffing  over  thefe  Places. 

Cor.  I.  Hence  if  the  two  Places  lie  both  on  the 
fame  Parallel,  they  will  have  no  Difference  of  La- 
titude. 

Cor.  2.  If  the  Places  lie  both  on  the  fame  Side  of 
the  Equator,  and  on  different  Parallels,  then  their 
Difference  of  Latitude  is  found  by  taking  the  lefTer 
Latitude  from  the  greater. 

Cor.  3.  But  if  the  Places  lie  on  different  fides  of 
the  Equator,  then  their  Difference  of  Latitude  is  e- 
qual  to  the  Sum  of  the  two  Latitudes. 

1 1 .  The  Compliment  of  the  Latitude  of  any  Place, 
is  that  Latitude  taken  from  90  Degrees,  or  the 
Diftance  of  the  Place  from  the  nearcft  Pole. 

12.  The  Longitude  of  any  Place  upon  the  Earth, 
is  an  Arch  of  the  Equator  intercepted  between  the 
firft  Meridian,  and  the  Meridian  paffing  thro*  the 
propofed  Place.  Which  is  equal  to  the  Angle  at 
the  Pole  formed  by  the  firft  Meridian  and  the 
Meridian  of  the  Place. 

13.  The  firft  Meridian  may  be  placed  at  Plea- 
fure,  paffing  thro*  any  Place ;  as  London^  Parish 
^reneriffy  &f r.  and  the  Longitudes  counted  from  it 
will  be  either  Eaft  or  Weft  according  as  they  lie  on 
the  Eaft  or  Weft  fide  of  that  Meridian. 

14,  The 
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14.  The  Difference  of'Longitu4e  betwecp  two  Places 
upon  die  Earth,  is  an  Arch  of  the  Equator  com- 
prehended  between  the  ^o  Meridians  of  thdie 
rlaces,  and  the  greateft  poffibje  is  1 80  Degree]^, 
'VIZ.  when  tJie  two  Places  lie  on  oppofite  Meridians. 
.  15.  Since  by  the  Motion  of  the  Earth  abput  it*s 
Axis  every  point  upon  the  Surface,  defcribes  the 
Circumference  of  a  Circle  or  360  Degrees,  in  24 
Hours  time,  'tis  plain  in  one  Hour  it  muft  defcribe 
15  Degrees-,  therefore  any.  Place  lying  15  De- 
grees to  the  Eaft  ward  of  another,  has  the  Sun  upon 
its  Meridian  i  Hour  fooner  than  that  other ;  fo  when 
it  is  Twelve  a  Clock  in  the  caftermoft  Place,  it 
will  be  but  Eleven  in  the  other.      . 

Cor.  Hence  the  difference  of  Longitude  may 
be  converted  into  difference  of  Time,  by  allowing 
•I  Hour  for  every  1 5  Decrees,  and  proportionally 
for  Minutes,  ^c,  alfo  difference  of  Time  may- 
be converted  into  difference  of  Longitude,  by 
allowing  15  Degrees  for  every  Hour,  and  prOi- 
portionally  for  other  Time.  Confequently  by 
knowing  the  one,   we  can  find  the  other. 

16.  If  we  fuppofe  a  Plain  touching  the  Surface 
of  the  Earth  in  any  Point,  (upon  which  a  Spectator 
)s  ftanding)  and  produced  to  the  Heavens,  it  will 
there  make  a  Circle  called  the  Harizon^  which  fe- 
parates  the  Vifible  from  the  Invifible  Part  of  the 
Heavens.  This  Horizon  is  properly  the  fenfthle 
Horizon ;  the  true  or  rational  Horizon  is  a  great 
Circle  parallel  to  the  fenfible,  and  paffing  thro* 
the  Center  of  the  Earth,  which  divides  the  Hea* 
vens  und  Earth  into  two  Halves,  called  the  Upper 
and  Lower  Hemifpberes. 

17.  Thefe  two  Horizons  when  produced  to  the 
Heavens,  may,  without  any  fenfible  Error,  befup* 
,pofed  to  coincide  the  Diftance  between  them,  or 
'the  Earth's  Semidiameter,  vanifliing  when  compa- 
red with  fuch  a  Diftance. 

18.  Since 
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•  18.  Siiice  the  Earth  moves  round  its  Axis  from 
Weft  to  Eaft,  *tis  plain  a  Spectator  upon  its  Surface, 
together  with  his  Horizon,  muft  move  the  fame 
way ;  confequently  thefe  Celeftial  Bodies  towards 
the  Eaft,  that  were  before  inconfpicuous  will  be- 
come vifible,  the  Horizon  being  depreffed  below 
them  ;  and  thefe  towards  the  ^eft,  thatJ  were  be- 
fore in.  view,  will  become  invifible,  the  Horizon 
being  elevated  above  them.  And  hence  arifes  the 
apparent  Motion  of  all  the  Heavenly  Bodies,  by 
which  they  appear  to  defcri  be  Circles  round  the  Poles^ 
parallel  to,  the  Celeftial  Equator,  which  are  greater 
or  lefs  according  as  they  are  more  or  lefs  diftant  fronr 
the  neareft  Pole. 

19.  When  any  Celeftial  Body  comes  firft  in  view, 
or  when  it  is  on  the  eaftern  fide  of  the  Horizon,  it 
is  then  faid  to  Rife  ;  andrwhen  by  its  apparent  Mo- 
tion it  comes  to  the  Meridian,  it  is  faid  toCulminate  ; 
and  laftly,  when  it  begins  to  difappear,  or  is  upon 
the  weftern  fide  of  the  Horizon,  it  is  then  faid  to 
Set. 

20.  If  through  the  Center  of  the  Earth  there  be 
*drawn  a  Line  perpendicular  to  the  Plain  of  theHo- 
I'izon,  and  produced  to  the  Heavens,  it  will  there 
mark  out  two  Points  ;  the  one,  which  is  direftly 
over  our  Heads,  is  calPd  the  Zenith ;  and  the  oppo- 
fite  Point  thereto,  which  is  invifible  to  us,  viz.  di- 
reftly  under  our  Feet,  is  call'd  the  Nadir. 

21.  Vertical  ox  Azimuth  Circles^  are  great  Circles 
paffing  thro*  the  Zenith  and  Nadir,  and  cutting  the 
Horizon  at  right  Angles.  Among  the  Vertical  Cir- 
cles there  are  two  principal  ones,  viz.  the  Meridian, 
which  paflTes  thro*  the.  Zenith,  Nadir,  and  Poles, 
and  cuts  both  the  Equator  and  Horizon  at  right 
Angles  i  the  points  in  which  it  cuts  the  Horizon  are 
the  South  and  North  Points ;  and  the  other  princi- 
pal Vertical,  caird  the  prime  Vertical^  is-  that  which 
cuts  the  Meridian  at  right  Angles,  and  meets  the 

L  Hori- 
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Horizon  in  two  oppofite  pointa,  calPd  the  Eaft  and 

Weft  points. 

22.  Leffer  Circles  parallel  to  the  Horizon  arc 
call'd  Almicanthers^  or  Parallels  of  Altitude.  And 
thcfe  continually  decreafe  the  nearer  they  are  to  the 
Zenith. 

24.  The  Altitude^  or  Depreflion  of  any  heavenly 
Body  above  or  below  the  Horizon,  is  an  Arch  of 
a  Vertical  Circle  intercepted  between  the  Horizon 
and  Center  of  the  Objeft, 

25.  The  Zenith  Diftance  of  any  heavenly  Objcft, 
is  that  Arch  of  the  vertical  Circle  puffing  through 
it,  intercepted  between  the  Center  of  the  Objedk 
and  the  Zenith,  which  is  always  the  Compliment  of 
the  Altitude. 

26.  Let  the  Circle  AHNO  reprefent  the  Earthy 
projefted  on  the  plain  of  fome  Meridian,  A  fomp 
place  upon  that  Meridian  j  draw  the  Diameter  H  O 
at  a  Quadrant,  or  90  Degrees,  diftance  from  A ; 
then  HO  will  reprefent  the  Horizon  of  the  Place  A 
(by  Art.  16.  of  this).  Let  P  and  p  be  the  two 
Poles ;  confequently  Pp  the  Axis  of  the  Earth, 
and  the  Diameter  EQ^at  right  Angles  with  that 
will  reprefent  the  Equator,  (by  Art.  5.)  make  P  4 
equal  to  P  A,  and  draw  the  Circle  A  a  parallel  to 
the  Equator  E  Q^,  and  this  will  be  the  parallel  of 
Latitude  the  place  A  lies  on.  The  Arch  AE  will  be 
the  Latitude  of  the  place  A,  and  AP,  the  Compli- 
ment of  it's  Latitude  (by  Art.  8.  and^ii.^  the  Point 
in  the  Heavens  diredly  above  A  will  be  the  Zenith, 
and  that  direftly  above  N  will  be  the  Nadir  of  the 
Place  A  (by  Art.  20.)  the  great  Circle  ACN  will  be 
the  prime  Verdcal  (hy  Art.  21.)  and  the  Points  H  and 
O  will  be  the  South  and  North  Points,  and  C  will 
reprefent  the  Eaft  and  Weft  Points  in  the  Horizon 
of  A.  Let  S  be  any  heavenly  Objeft,  and  A  S  N 
a  vertical  or  azimuth  Circle  palling  thro'  the  Cen- 

tcr 
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cer  of  the  Objeft  i  sllfo  K  S>  it's  parallel  of  Ahjcude  i 
then  S  G  wii;  be  the  Altitude  and  S  A  the  Zenith 
Diftartdeof  the  Objeft  8  (by  Art.  24.  and  25.).   A- 
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gain,  let  any  other  place  upon  the  Earth  be  alTuni'd, . 
as  B,  and  its  Meridian  will  be  PBp,  and  its  parallel 
of  Latitude  D  B  J  5  then  the  Latitude  of  B  will  be' 
BF  6r  DE,  and  the  Compliment  of  it*s  Latitude 
will  be  B  P  or  D  P.  Alfo  the  difference  of  Latitude 
between  the  two  places  A  andB,  will  be  BL  or 
DA  (by  Art.  lo.^.  If  the  Meridian  paffing  thro* 
A,  be  fuppos'd  the  firft  Meridian,  then  the  Longi- 
tude of  B  will  be  EF  (by  Art.  12.;  but  if  the 
Meridiaai  of  A  be  not  fupposM  the  firft  Meridian, 
then  the  difference  of  Longitude  between  the  two 
^  Fkces  A  and  B  will  be  E  F  (by  Art.  14.). 

17.  The  Syftem  of  the  Univerfe  according  to 
the  lateft  Aftronomers  is  as  follows,  viz.    The  Sun 

L  2  is 
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is  fuppos'd  to  be  in  the  common  Center 'of  Gra- 
vity, of  fix  opakc  fpherical  Bodies  called  Planets^ 
which  are  at  different  diftances  from  the  Sun.  and 
and  perform  their  feverat  Periods^  round  him  in 
different  Times;  the  names  of  thefe  Planets  and  the 
Charafters  by  which  they  are  exprefs'd,  arc  as  fol- 
lows, viz.     Mercury  2 ,    yinus  ? ,    the   Earth  ©t 
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Mars  i,  Jupiter  V',  znA  Saturn  t:.  And  they  all 
move  round  the  Sun,  from  Weft  to  Eaft,  in  Orbs 
very  little  inclin*d  to  one  another,  and  the  Plains 
of  thefe  Orbs  cut  one  another  in  Lines  pafling 
through  the"Center  of  the  Sun;   confequently  a 

Spedator 
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Spe^ator  plac'd  in  the  Center  of  the  Sun,  will  be 
in  the.  Plain  of  each  of  their  Orbs,  and  will  there 
yiew.  the  Planets,  performing  their  feveral  Periods 
round  him,  from  Weft  to  Eaft,  according  to  the 
order  of  the  Letters  ABCD,  fin  the  annex'd  Scheme) 
and  in  different  Times^  viz.  Mercury  $ ,  which  is 
neaceft  the  Sun,  moves  round  his  Orb  in  87  Days, 
and  23  Hours,  or  three  Months  nearly.  Then 
Fenur  iy  which  is  next  to  Mercury,  performs  her 
Period  in  224  Days  and  17  Hours,  or  about 
8  Months.  The  Planet  which  is  third  in  order 
from  the  Sun,  is  our  Earth  0f  which  performs  its 
Circuit  in  365  Days,  5  Hours,  and  49  Minutes,  or 
a  Year,  Next  to  the  Earth  is  Mars  $ ,  who  moves 
ground  his  Orb  in  686  Days  and  23  Hours,  or  a 
little  Icfs  than  2  Years.  Then  Jupiter  V,  whofe 
Orb  is  vaftly  extended  beyond  that  of  Mars,  per- 
forms his  Circuit  in  4332  Days,  12  Hours,  which 
is  about  1 2  Years.  And  laftly  Saturn  *& ,  who  is 
furtheft  diftant  from  the  Sun,  compleats  his  Re- 
volution in  107^9  Days,  and  7  Hours,  which  is 
ibmething  lefs  than  30  Years.  Their  diftances  froni 
the  Sun  exprefs'd  in  the  Scheme,  are  nearly  pro- 
portional to  their  true  diftance  in  the  Heavens. 

28.  Three  of  the  Planets,  viz.  Mars,  Jupiter ^ 
and  Saturn,  whofe  Orbs  are  beyond  that  of  the. 
Earth,  are  called  juperior  Placets  5  and  the  two 
Planets  Venus  and  Mercury,  whofe  Orbs  are  between 
the  Earth's  Orb  and  the  Sun,  are  called  the  inferior 
Planets. 

29.  The  three  Planets,  Jupiter,  Saturn,  and  the 
Earth,  are  obfervcd  to  have  other  fmallcr  ones 
conftantly  attending  them,  called  Secondary  Planets^ 
or  Satellites.  Thefe  Satellites  always  attend  their 
refpeftive  Primaries  in  their  Revolutions  about  the 
Sun,  and  at  the  fame  Time  they  are  conftantly 
moving  about  them ;  the  Earth  has  one,  viz.  the 

Moon^ 
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Moon,  which  attends  it  in  it's  annual  Revolution  z^ 
bout  the  Sun,  and  at  the  fame  Time  moves  round 
it  as  a  Center,  in  about  27  Days,  and  7  HouiV^ 
Jupiter  has  four  Satellites  attending  hith,  which  ard 
at  different  Diftances  from  him,  and  move  roimd 
him  in  different  Times,  viz.  that  which  is  innef- 
mbft  or  neareft,  his  Body  revolves  m  i  Day 
18  Hours;  the  next  defcribes  it's  Orbit  in  3  Dayi 
and  13  Hours;  the  third  moves  round  in  7  Days 
and  3  Hours ;  and  that  which  is  furthell  from  "^u* 
piter*%  Body,  performs  it's  Circuit  in  16  Days  and 
1 8  Hours.  Saturn  has  five  Satellites  moving  round 
him  as  a  Center,  which  are  at  different  Diftanceal 
from  his  Body,  and  perform  th^ir  Revolutions  ill 
different  Times,  viz.  the  firft  or  ncareft  to  him^ 
performs  it's  Circuit  in  i  Day,  21  Houi%;  the  k*- 
cond,  in  2  Days,,  1 7  Hours ;  the  third,  in  4  Dayaf 
13  Hours;  the  fourth,  in  15  Days,  22  Hours;  and 
the  fifth,  or  the  mofl  remote  from  the  Body  ai 
Saturn^  compleats  it's  Revolution  in  79  Days  and 
8  Hours. 

30.  The  fix*d  Stars  are  fuppos'd  to  be  of  the  fafflc 
matter  with  the  Sun,  a^d  made  for  the  fame  End^ 
viz.  each  of  them  the  Center  of  it's  own  proper 
Syftem,  having  Planets  moving  round  it  as  our 
Son  has. 

31.  Having  given  a  curfory  View  of  the  Syftenv 
of  the  Univcffe,  we  fliall  now  confkkr  the  Motion 
of  the  Ea#th,  a  liede  nK)re  particularly.  Let  S 
reprefent  the  Sun  in  the  Center,  ABCD  the  Orbit 
at  the  Earth,  and  r  ^  ^  V  the  Heaven  of  the 
fix'd  Stars ;  then  if  the  Obferver  be  fuppos'd  to  btf 
plac'd  in  the  Sun  at  S,  'ds  plain  wh^n  die  EafKte 
is  in  the  point  A  d  it's  Orbit,  it  will  appear  Ui  b^ 
at  the  fixjd  Star  V,  and  while  in  moving  fromWeft 
to  Eaft,  k  goes  from  the  point  A  of  it's  Orbit  to- 
B,  it  will  appear  to  the  Obferver  at  S  to  pafs  by 

the 
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the  fix'd  Stars  r  V  ar  S  j  and  in  moving  from  B 
tQ  C,  it  will  appear  to  pafs  by  the    fix*d  Stars 


S  51  n?  62: ;  and  from  C  to  D,  the  fix'd  S^jars  :^ 
rn  f  ypi  and  from  D  to  A  the  fix'd  Stars  rr  ^ 
H  T.  Again  let  the  Obferver  be  remov'd  from 
tKe  Sun  to  the  Earth,  then  'tis  plain  when  the 
Earth  is  in  the  point  A  of  it's  Orbit,  the  Sun  S 
will  appear  to  be  in  the  oppofite  point  of  the 
Heavens,  viz.  at  the  fix'd  Star  ^  5  and  while  the 
Earth  is  moving  in  it's  Orbit  from  A  to  B,  the 
Sua  will  appear  to  pafs  by  the  fix'd  Stars .  ^  «i 
jr  'VQP  ;  alfo  while  the  Earth  moves  from  B  to  A^ 
the   Sun  will  appear  ta  have  mov'd  from  \y  by 

th«  fix'd  Surs  Sm  X,   ^c.    to  s^  >  confequently 

the 
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the  Sun  to  an  Inhabitant  of  the  Earth,  will  appear 
to  pafs  over  the  fame  fix*d  Stars,  and  towards  the 
fame  part  of  the  Heavens,  u  e,  from  Weft  to  Eaft,  as 
the  Earth  appeared  to  aii  Obferver  in  the  Sun. 

32.  Hence  arifes  the  apparent  Motion  of  the  S«n 
from  Weft  to  Eaft.  So  that  if  any  fix*d  Star  be 
obfervM  to  rife  with  the  Sun ;  fome  Days  after, 
the  Sun  will  have  mov'd  more  eafterly,  and  the 
Star  will  rife  before  the  Sun,  and  alfo  fet  before 
it :  alfo  if  a  Star,  in  or  near  the  Path  which  the 
Sun  appears  to  defcribe  in  his  annual  Motion, 
and  at  fome  diftance  from  the  Sun,  be  obferv'd 
above  the  Horizon  after  Sun-fet,  it  will  fome 
time  after  that  appear  to  fet  with  the  Sun,  and  for 
a  while,  will  not  be  vifible  at  Night. 

33.  The  fame  way  the  Sun  will  appear  to  an 
Obferver  in  /any  of  the  other  Planets  to  move  from 
Weft  to  Eaft,  and  to  defcribe  the  fame  Orbit  in  the 
Heavens  that  the  Planet  would  appear  to  do  to 
an  Obferver  in  the  Sun. 

34.  The  Circle  in  the  Heavens  that  the  Earth  to 
an  Obferver  in  the  Sun,  or  the  Sun  to  an  Obferver 
in  the  Earth,  appears  to  defcribe  is  called  the  Ecli- 
fticky  and  it  is  divided  into  twelve  equal  Parts  called 
Signs ,  each  containing  30  Degrees,  viz.  the  A  of 
360.  The  Names  and  Charaders  by  which  thef©' 
Signs  are  ufually  exprefs'd,  are  as  follows. 
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jlrieSy  I'auruSy  Gemini^  Cancer,  Lea,  Vi^gOy  Libra^ 

Scorpio^    SagitiariuSy    CapricornuSj   Aquarius^    Pifces. 

35.  Since  the  Earth  is  a  fpherical  Body  expofed 
to  the  Rays  of  the  Sun,  'tis  plain  half  of  it's  Body 
muft  be  enlightned,  while  the  other  half  is  in 
darknefs  \  and  if  there  be  a  Line  drawn  from  the 

Center 
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ter  of  the  Sun  to  that  of  the  Earth,  and  a  plain  per- 
pendicular to  that  Line  pafling  thro'  the  Center  of 
the  Earth ;  then  this  Plain  will  cut  the  Earth  in  a 
great  Circle,  which  will  feparate  the  enlightned 
from  the  darkned  Hemifphere ;  and  this  Circle  is 
called  the  Terminator  of  Light  and  Darknefs  upon 
the  Earth. 

36.  If  the  Plain  of  the  Earth's  Equator  lay  in  the 
Plain  of  the  Ecliptick,  and  confeqtiently  the  Earth's 
Axis  were  perpendicular  to  the  Ecliptick,  then  the 
Terminator  of  Light  •and  Darknefs  would  be  a 
Meridian ;  for  let  the  CTrcle  P  E  ^  Q^reprefent  the 
Earth,  P  and  p  it's  two  Poles,  E  Q^  the  Equator, 
C  the^  Cehter  of  the  Earth,  and  S  the  Sun  laying 
in  the  fame  Plain  with  E  Q^;  then,  by  the  laft  Ar- 
ticle, the  Terminator  muft  be  perpendicular  to  SC, 
and  confequently,  in  this  Cafe,  to  the  plain  of  the 
Equator  E  Q^;  biit  fince  all  great  Circles  perpen- 
dicular to  the  Equator  muft  pafs  thro*  the  Poles  j 
and  fo  be  Meridians ;  it  follows  that  in  this  Cafe 
the  TeriTOnator  muft  be  a  Meridian,  as  P  p.  And 
fince  all  Meridians  bifefl:  tjie  Equator  (by  Art.  4. 
Cor,  1.  of  this)  they  muft  alfo  bifcft  it's  Parallels, 


§ 


consequently  the  Terminator  which  is  here  a  Meri- 
dian, muft  bife£l  the  Equator  and  all  it's  Parallels  $ 

M  fo 
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fo  the  half  of  each  Parallel' myft' be  always  en* 
lighcned,  and  the  other  half  in  Darknefs ;  and  fince 
by  the  Motion  of  the  Earth  about  it's  Axis,  every 
point  upon  it's  Surface,  except  the  Poles,  defcribes 
a  Circle  parallel  to  the  Equator ;  it  plainly  follows 
that  if  the  plain  of  the  Equator  lay  in  the  plain 
of  the  Ecliptick,  every  point  upon  the  Earth's  Sur- 
face, except  the  two  Poles,  would  have  the  Sun 
as  long  above;  it's  Horizon  as  below  it,  and  fo 
tliere  would  be  a  conftant  equality  of  Day  and 
Nighty  viz.  1 2  Hours  each ;  and  the  two  Poles 
would  have  the  Sun  conftalftly  moving  round  their 
Horizon. 

37.  The  Axis  of  the^Earth  is.obferv'd  to  be  in- 
clin'd  to  the  plain  of  the  Ecliptick  at  an  Angle 
of  about  66i  Degrees,  and  confequently  the  plain 
of  the  Equator  muft  be  inclin'd  to  the  Ecliptick, 
at  an  Angle  of  23^  Degrees,  viz,  the  Compliment 
of  the  former.  Alfo  the  Axis  of  the  Earth  in  it's 
annual  Motion  about  the  Sun,  keeps  always  parallel 
to  the  fame  Line  ;  fo  if  there  be  a  Line  drawn 
thro'  the  Center  of  the  Sun,  parallel  to  the  Earth's 
Axis, '  while  in  any  point  of  its  Orbit,  that  Line 
will  continue  parallel  to  the  Axis,  whatever  point 
of  the  Orbit,  the  Earth  be  in  (at  leaft  in  a  Year's 


time  the  Difference  is  ihfenfible).    And  this  muft 
neceflarily  jiappen,,  if  the  Earth  had  no  otl^er  Mo- 
tion 
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tion  but  a  progreflive  one  in  it's  Orbit,  and  a  rota- 
tion about  it's  Axis.-  Forfuppofe  any  fphericalBody 
as  PE  jjQ^j  whofe  Center  moves  along  the  Line 
AB,  and  while  in  A,  let  any  Diameter  of  it  asP/^, 
be  aflum'd,  inclined  any  way  to  the  Line  AB  i 
then  'tis  plain  if  the  Body  had  no  other  but  the 
pr<^reffive  Motion,  when  it  has  come  to  B,  the 
Diameter  Pp  will  fiill  be  parallel  to  it's  former 
Situation  while  in  the  point  A ;  and  if  the  fame 
Body  be  fuppos'd  alfo  to  move  round  it's  Axis  Pp^ 
'tis  plain  all  parts  of  it  would  confequently  be 
changing  their  Situations,  except  the  Axis  which 
is  no  way  affedted  by  the  rotation,  and  confequent- 
^ly  the  Axis  muft  always  keep  parallel  to  the  fame 
right  Line, 

3S.  Since  the  plain  of  the  Equator  is  inclin'd  to 
the  plain  of  the  Ecliptick,  therefore  they  muft  in- 
terfedb  one  another  in  a  right  Line  pailing  thro' 
the  Centers  of  the  Earth  and  Sun^  and  fo  the  plain 
of  the  Eclipdck  muft  cut  the  Earth  in  a  great 
Circle,  which  will  be  inclin'd  to  the  Equator  at 
an  Angle  of  237  Degrees,  and  this  will  mark  out 
upon  the  Earth's  Surface,  the  path  of  the  Sun  in  his 
annual  Motion  ;  the  Line  in  which  the  Equator  in- 
terfeds  the  Ecliptick,  muft  always  be  parallel  to 
the  'fame  Line,  whatever  point  of  the  Orb  the 
Earth  bo  in ;  for  fince  (by  the  laft  Art.)  the  Earth's 
Axis  always  preferves  a  Parallelifm,  and  that  Line 
being  always  inclin'd  to  the  Axis  at  the  fame  Angle, 
*tis  plain  therefore,  that  it  muft  alfo  keep  a  conftant 
Parallelifin. 

39.  If  thro'  the  Center  of  the  Sun,  there  be 
drawn  a  Line  perpendicular  to  the  plain  of  the 
Ecliptick ;  then  this  Line  is  called  the  Axis  of  the 
Ecliptkk^  and  the  two  oppofite  Points  in  which  the 
Axi3  meets  the  Heavens,  are  called  the  Poles  of 
the  EclipticL 

M  2  40.  That 
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40.  That  great  Circle  in  the  Heavens  which  pafles 
thro*  the  Poles  of  the  World  and  the  points  of  In- 
terfeftion,  of  the  Ecliptick  and  Equator,  is  called 
the  Equinoiiial  Colure.  And  that  great  Circle  which 
is  at  right  Angles  with  the  former,  and  pafTes  thro* 
the  Poles  of  the  Ecliptick  and  World,  is  called  the 
Solftitial  Colure.  The  four  Points  in  which  thefc 
Col u res  cut  the  Ecliptick,  are  called  the  Cardinal  ' 
Points.  Thefe  two  in  which  the  equinoftial  Colure 
meets  the  Ecliptick,  are  cdXXtdi  EqmnoStial  Points  \ 
becaufe  fas  (hall  be  Ihewn)  when  the  Sun  is  in  ci- 
ther of  them  there  is  an  equality  of  Day  and  Night 
to  the  Inhabitants  of  the  Earth ',  and  the  two  Points 
in  which  the  folftitial  Colure  cuts  the  Ecliptick,  are 
called  the  Solftitial  Points ;  becaufe  when  the  Sun 
comes  to  either  of  thefe  Points,  he  is  then  at  his 
greateft  Diftance  from  the  Equator,  and  is  begin- 
ning to  return  to  it  again. 

41,  To  explain  the  Phenomena,  or  Appearances 
that  arife  from  the  Earth's  annual  Motion  about  the 
Sun :  fuppofe  'vy  r  s  rc^r  the  Earth's  Orbir,  and  S 
the  Sun ;  thro*  S  draw  the  right  Lin«  ^  S  T^ 
parallel  to  the  common  Line  of  Interfeftion,  of  the 
Ecliptick  and  Equator,  and  meeting  the  Ecliptick 
in  the  two  Points  y^  and  ^ ;  alfo  thro'  S  draw  the 
Line  y?  S  ^  perpendicular  to  the  former ;  then, 
'tis  plain  when  the  Earth  is  in  the  Point  «c^  of  it*s 
Orb,  the  Line  S  — ,  joining  the  Centers  of  the  Sun 
and  Earth,  will  coincide  with  the  comnwn  Inter- 
feftion  of  the  Ecliptick  and  Equator,  and  fo  lie  in 
the  plain  of  the  Equator,  and  confequendy  be  per- 
pendicular to  the  tlarth's  Axis  ;  and  fince  (by  Art. 
^^.)  this  Line  is  alfo  perpendicular  to  the  Termina- 
tor of  Light  and  Darkncfs,  'tis  plain  that  the  Axis 
of  the  Earth  will  lie  in  the  plain  of  the  Terminator, 
which  therefore  muft  pafs  thro'  the  two  Poles,  and 
fo  be  a  Meridian  j  alfo  the  Sun  will  appear  in  the 
oppofite  point  of  the  Orbit  at  T,  viz.  in  the  Line 


1 
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sG:  S  produced,  that  is,  in  the  plain  of  the  Equator; 
and  confequently  by  his  appurent  daily  Motion,  he 
will  defcribe  the  celeftial  Equator. '^  And  fince  in 
this  fituation  of  the  Earth,  the  Terminator  of  Light 
and  Darknefs  is  a  Meridian,  it  will  bifedt  the  E- 
quator  and  it's  Parallels  •,  confequently  the  half  of 
each  parallel  will  be  in  the  cnlightned  Hemifphcre, 
and  the  other  half  in  the  darkned ;  and  every  point 
upon  the  Surfece  of  the  Earth,  defcribing^  by  it's 
daily  Motion,  either  the  Equator  or  fome  of  it*s ' 
Parallels ;  it  plainly  follows,  that  when  the  Earth 
is  in  the  Point  ^  of  it's  Orb,  each  place  upon  it's 
Surface,  will  be  as  long  in  the  enlightned  Hemif- 
phere  as  in  the  darkned,  /.  e.  there  will  be  an  e- 
quality  of  Night  and  Day  (viz.   1 2  Hours  each)  o- 
ver  all  the  Earth,  except  at  the  two  Poles,  where 
the  Sun  will  appear  to  defcribe  the  Horizon  of  each, 
viz.  the  Equator. 

The  Earth,  by  it's  annual  Motion  being  carried 
along  the  Signs  m  { ,  the  Line  of  Interfe<5kion  of 
the  EcUptick  and  Equator  remaining  always  parallel 
to  itfelf,  it  cannot  now  be  direded  towards  the  Sun ; 
but  when  the  Earth  is  in  rfie  firft  Point  of  V,  it 
muft  make  with  the  Line  S  vr,  joining  the  Centers 
of  the  Earth  and  Sun,  a  right  Angle.     And  fince 
the  Line  S  "vy  is  not  in  the  plain   of  the  Equa- 
tor, but  of  the  EcUptick,  the  Angle  B  vf  S,  that 
the  Axis  of  the  Earth  A  B  makes  with  S  Vf ,  will 
be  acute,  equal  to  66\  Degrees,  viz.  the  Inclina- 
tion of  the  Axis  of  the  Earth  to  theEcliptick.  Thro* 
the  Center  of  the  Earth  V)',  draw  the  Circle  F  L, 
perpendicular  to  Stv:^,  and  this  will  be  the  Termi- 
nator of  Light  and  Darknefs^  (by  Art.  35.)  and  the 
Arch  BL  will  be^i  Degrees,  viz.  the  Compli- 
ment of  L  B.  Thro'  the  Center  r^,  draw  the  Circle 
QJE  perpendicular  to  the  Axis  AB,  .and  this  will 
be  the  Equator  5  then  fince  the  Arch  E  B  is  equal 
tp  the  Arch  T  L,  (being  each  a  Quadrant)  by  tak- 
ing 
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ing  away  the  common  Arch  TB,  we  have  ET 


N  a" 


equal  (S  BL,  >.>.  23)  Degrees.    Make  the  Arch 

EM 
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EM  equal  to  ET,  and  thro*  the  points  T  and  M 
draw  the  Circles  T  C,  M  N  parallel  to  the  Equator  5 
then  'tis  plain  that  when  the  Earth  is  in  the  point 
V  of  it's  Orbit,  the  Sun  will  be  perpendicular  to 
the  point  T,  diftant  from  the  Equator  E  (^  to- 
wards the  North  Pole  B,  23  i  Degrees,  which  13 
his  greateft  Declination  North.  The  parallel  T  C 
is  called  the  Trcpick  of  Cancer ^  and  the  Circle  in  the 
Heavens  concentric  with  this,  which  the  Sun  ap- 
pears to  defcribe  at  that^ime,  is  called  the  Celejital 
Tropick  of  Cancer  \  becaufe  the  Sun  at  that  time  ap- 

g?ars  to  be  in  the  Sign  s.  And  becaufe  of  the 
arth's  rotation  about  it's  Axis,  'tis  plain  that  all 
the  Points  fituate  upon  the  parallel  T  C,  will  have 
the  Sun,  when  upon  their  Meridian,  in  their  Ze- 
niths. Alfo  when  the  Earth  is  in  this  Pofition,  'ti? 
plain  that  the  Terminator  of  Light  and  Darknefi 
F  L,  will  go  beyond  the  North  Pole  B  to  L,  231 
Degrees  diftant  from  B ;  and  confequently  the 
South  Pole  A  muft  be  as  far,  from  the  Terminator 
L  F  in  the  darkned  Hemifphere.  Thro*  the  points 
L  and  F,  draw  the  Circles  LK,  FG  parallel  to 
the  Equator,  and  thcfe  Circles  are  called  Polar  Cir^ 
cles^  that  towards  the  North  is  called  the  Jrtick 
Circle^  and  that  towards  the  South  is  called  the  wf »- 
tartick  Circle.  Now  fince  the  Earth  moves  round 
upon  Its  Axis  AB,  'tis  evident  that  every  point 
within  the  article  polar  Circle  K  L,  will,  at  that 
time,  have  a  continued  Day ;  and  on  the  contrary^ 
every  point  within  the  antartick  polar  Circle  F  Q, 
will  have  a  continued  Night. 

Again,  the  Earth  moving  forwards  thro'  the  Signs 
sk;  X  to  T,  the  Sun  will  appear  to  move  thro*  the 
Signs  S,  il,  ^,  and  by  Degrees  to  return  again  to 
the  Equator ;  and  when  the  Earth  has  come  to  the 
point  y  of  it's  Orbit,  the  Sun  will  appear  to  be  at  ^. 
Now  thecommon  Interfedion  of  the  Ecliptickand  E- 
quator  ftHl  regaining  parallel  to  the  Line  lO:  S  T,  ^tU 
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plain  that  when  the  Earth  has  come  to  Y,  the 
Line  S  T ,  joining  the  Centers  of  the  Earth  and  Sun, 
will  lie  in  the  plain  of  the  Equator ;  and  confe^ 
quently  the  Sun  will  appear  in  the  celeftial  Equator, 
and  there  will  be  an  Equality  of  Night  and  Day, 
the  fame  way  as  when  the  Earth  was  in  =^ ;  and  in 
this  firuation,  the  Terminator  of  Light  and  Park- 
nefs  will  again  pafs  thro*  the  two  Poles. 

The  Earth  moving  forwards  diro'  the  Signs 
r  b'  31,  the  Sun  will  appear  to  move  thro*  the  op- 
pofite  Signs  ;2j  m  />  gradually  declining  from  the 
Equator,  towards  the  South  Pole,  and  when  the 
Earth  comes  to  s,  the  Sun  appears  to  be  in  yf. 
Now  fince  Axis  of  the  Earth  A  B,  does  not  change 
it's  Inclination  to  the  Ecliptick,  the  Earth  will  have 
the  like  Afpeft  andPofition  with  irefpeft  to  the  Sun, 
as  it  had  when  in  the  point  'vt^  of  its  Orbit ;  but  with 
this  Difference,  that  he  is  now  as  far  on  th6  South 
Side  of  the  !E)quator,  as  (when  the  Earth  was  in  y?) 
he  was  on  the  North  Side,  i.e.  23i  Degrees,  and 
is  perpendkular  to  the  point  N;  the  parallel  NM  is 
called  the  Tropick  of  Capricorn,  and  the  Circle  in 
Heavens  concentric  to  this  which  he  appears  to  dcf* 
cribe  at  this  time,  is  called  the  Celejiial  Tropick  of 
Capricorn ;  becaufe  at  this  time  the  Sun  appears  to 
be  in  the  Sign  yp ;  alfo,  all  within  the  North  polar 
Circle  K  L,  which  was  enlightned  when  the  Earth 
was  at  yp,  is  now  in  Darknefs,  and  all  within  the 
South  polar  Circle,  is  now  enlightned. 

42.  We  fliall  now  confider  more  particularly  the 
Appearances  that  happen  to  the  different  Places 
upon  the  Earth,  arifing  from  it's  annual  Motion  a- 
bout  the  Sun,  in  conjun£tion  with  the  Rotation  a* 
\>o\xt  it's  Axis.  In  order  to  which  we  mull  confider, 
that  the  Inhabitants  of  this  Earth,  with  refpeft  to 
their  fituation  upon  it,  are  divided  into  three  Kinds, 
viz.  Firjiy  Such  as  live  upon  the  Equator.  Se* 
condly^  Such  as  live  between  (he  P0I99  and  Equator. 

Thirdly, 
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tbi^dlj^  8i}Ch  aa  live  upoAi  Qitbi^r  Fok.  -A^  for  tbofe 
thit  ftv*  yppo  iH  Equgtori  1«  E./^  Q  P  be  tha 
Pihoje^oi)  ©f  tiw'  E«th  upoa  ^  ptein  oTfotne  Me-* 

Eq«a«pr^:^4  ■&  JfomepUc^.upon  in  alfeDA  thq 
fieliptiqfc,  GO  the Tjf of ick of  £apricor%  and  AB 
the  Trppitk  of  Gwccr..  Tjbfiii*«itj  plain  tW  ai| 
InhalrftaMi  upon  Cbe  EquatoflV/fiippaie  ac  E^  wiU 
bavc  the  ?wq  JPol^  P  and  ^  in/his-HorwMt,  whi^h 
therefore muft  l>e a Mwdju^n... Aa^  Cnce  aU Mcr 
ridi^ns  biftft  the  )Eqtj&fir:awJ  it'^Pai^^at  right 
ilngles^  ^nd  ill  thes  H^vienly 'Ik>die9  ^d^^ 
FaiiUds  \A  xheif,  apparenft  ditoial  Motion  i    'tia 


n 
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cvWentthai  In  oi^e  intire  Revolution  of  tlife  fiarA 
about  It's  Axi5^,  4II  theHcarenJy  Bodies  muftcotae 
in  view,  and  they  muft  rife  and  fet  pcrpehdifculac 
to  the  Horizon,  and  be  as  long  above  it,  as  below^ 
i,  €.  twelve  Hours  each.  Nowthe  Sun  always  de- 
:ft:ribing  fome  Parallel,  or  the  Equator  itfelf,  in  his 
IdSurnai  Mottott  5  it  foHows,  diat  ta  anli&abkaBt 

N"  ^P<^ 
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upon  the  Equator  there  muft  be  a  cbnftant  equality 
of  Night  and  Day,  viz.  twelve  Hours  each ;  and 
when  the  Sun  in  his  annual  Motion  comes  to  be 
perpendicular  to  the  Point  F,  he  will  then  defcribe 
the  Equator  in  his  diurnal  Motion  ;  and  confe^ 
quently  when  he  comes  upon  the  Meridian  of  any 
place,  E,  on  die  Equator,  he  will  be  in  the  Zer 
nich  of  it  \  and  moving  on  in  the  Ecliptick  till  he 
be  perpendicular  to  the  Point  A,  (wheri  ht  is  at 
his  greateft  declination  from  the  Equator  towards 
the  North  Pole  P,  viz.  231  Degrees)  he  will  then 
defcribe  the  Tropick  of  Cancer  AB,  and  when  he 
comes  on  the  Meridian  of  E,  he  will  be  remov'd 
from  the  Zenith  towards  the  North  235  Degrees  ; 
and  moving  ftill  on  in  the  Ecliptick,  he  will  appear 
to  return  towards  the  South,  aiid  palling  the  Ze-' 
nith  of  E,  he  will  go  as  far  South,xas  he  was  be- 
fore North,  viz.  %%i  Dtegrees.  CoftCequently  aq 
Inhabitant  on  the  E^quator  will  have  the\Sun  in  his 
Zenith  twice  in  one  Yeai",  and  alfo  the  S^n  will  be 
half  the  Year  on  the;  North  Side,  and  halftthe  Year 
on  the  South  Side  of  him  5  and  therefore)  will  be 
conftantly  changing  his  place  in  the  Horizon,  for 
yrhcn  he  is  defcribin^  the  Parallel  AB,  he  will  ap- 
pear in  the  Horizon  at  G,  and  when  he  j$  defcrib- 
ing  the  Equator  E  Q,  he  will  be  in  tbfe  Horizon 
at  F  (the  :Eaft  or  Weft  Points) ;  alft/'when  he  is 
defcribing  the  Pardlel  d)D  he  wilP  appear  in  the 
Horizon  at  H  South  of  the  Point  F. 

Again,  Let  PE /Q^reprefent  the  Projeftion 
of  the  Earth  on  the  Plain  '  of  fome  Meridian,  P 
IJie  North,  and/^  the  South  Pole^^  EQ^  the  Equar 
tor,  and  A  fome  pkce  upon  that.  Meridian,  lying 
between  the  Equator  and  North  f^ole,  whofe  Ho- 
fizion  is  HO;  alfo  BD  the  Ecliptick,  BN  the 
Tropick  of  Cancer,  and  F  D  the  Tropick  of  Capri- 
corn ;  thro*  the  points  H  and  O,  draw  the  parallels 
P  G|  H  K.    Thef)  'tis  plainj^  that  to  an  Inhai)ita,nt 
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at  A,  the  North  Pole  P  will  be  elevated  above, 
and  the  South  Pole  p  deprefs'd  as  much  below  the 
Horizon  ^  and  the  Horizon  will  cut  the  Equator 
and  it's  parallels  obliquely.  Now  fmce  the  Hori- 
zon and  Equator  are  both  great  Circles,  they  mqft 
bifedt  one  another  (by  ^rt.  4.  Cor.  2.) ;  therefore 
half  the  Equator  will  be  above,  and  half  below 
the  Horizon ;  confequently  when  the  Sun  is  per^ 
pendicular  to  the  Point  C,  that  is,  when  he  ap- 
pears to  be  in  the  Equator,  there  will  be  an  Equa- 
lity of  Night  and  Day,  And  fince  the  Horizon 
cuts  the  parallels  obhquely,  it  muft  therefore  cut 
them  unequally,  and  'tis  plain  from  the  Scheme, 
that  of  thofe  parallels  which  lie  between  the  Equa- 
tor and  neareft  Pole,  the  greater  Part  is  above  the 
Horizon,  and  the  lefTer  below  ^  and  thofe  that  lio 
on  the  other  Side  of  the  Equator,  has  the  lelTor 
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Part  above  and  the  greater  below  the  Horizon; 
and  the  nearer  the  Parallels  are  to  the  Poles,  the 
more  unequally    are   they  cut  by  the  Horizon. 

N  2        '  Confe- 
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Coiilfecuiemly  while. the  Sun  is  \ip6h  Ac  Nprth  Side 
bf  the  Equacolr,  ahd  by  his  diurnal  Motion  defcrib- 
ing  ParMlds,  lying  tetweisn  the  Eouator  and  North 
Pole  ;  *cis  "plain  he  will  be  longer  aadVe  than  below 
the  Horizon  of  the  IHace  A-,  and ^en  iie  comes 
to  his  ttreateft  lE)edination  Nofth,^  and  then  de- 
fcribe&me  TropitHc  of  Cancer,  '^tis  plain  dieDayi 
Imuftlh^n  be  at  the  lorfgeft  to  the  place  A;  alfo 
the  Sun  returning  towards  the '  Equator,  he  will 
defcribe  Parallels,  "^w^ofe  parts  above  me  Hori* 
;2oii,-grow  ftill  nearer;  to  an  Equality  withthofe 
^beloW,    and  fo  thr  i>ays  will  ftiH  decreafe  -and 
•come-  nearer  to  an  Equality  with  the  Nights,  till 
Tie  come  to  the  Equator,  when  the  l)ay  and  Night 
are  equal;  and procecdiiigfrom  the'Equaror  towards 
;the  South  Pole,  he  Will  then  defcribe  Parallels  ly- 
ing between  the  fiquatot  and 'South 'Pole,  whofe 
leaft  Part  is  above,  and  greateft  Part  below  the 
Horizon,  and  confecjOehtly  the  Days  will  ftill  grow 
\ti^  than  the  Njghts  till  he  conges  tp  the  Tropick 
of  Capricorn,  when  the  Day  is  leaft  'Slnd  the  Night 
greateft;  and  then/ returning  to the^pquator,  the 
Days  wiJI  increafe  and  the  NightS  decriaUi.    When 
the  Sun  is  upon  the  Equator, ' 'tis  plain^  irom  the 
Scheme,  that  his  place  upon  the  Hdfizon.will  be  C, 
that  is,  he  will  rife  on  the  Eaft  Point  ahd  fet  on 
the  Weft  Point' of  the  Hori2X)n,  and  when 'he  is  in 
;he  Trppick  of  Cancer  B  N,   his  -place .  upon  the 
Horizon  will  be  M,  which  is  North  o^  the  Point 
C,    alfb  when  he  is  in  the  Tropick  or  Capricorn 
FD,  his  place  upon  the  HofizcMi  willl^e  L,  which 
is  South  of  the  Point  C ;  from  which  *tis  plain,  that 
the  Sun  will  be  always  changing  his  place  upon  the 
Horizon.     Again,    fmce  the  Horizon  of  A  cuts 
the  Equator  and  it's  Parallels  obliquely,    and  the 
JH^avcqly  Bodies  by  their  appatieilc  diurnal  Motion, 
-  idefcnibihg  Pamliek, .  ^tis  plain  they  'muft.  rife  and 

•''iet'ohliqudy  >  alio  ail  of  them  witlun  the  Parallel 
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60  can  never  rifeor  fet,  but  muft  be  conftaad^ 
xh  "View;  for  ^vvhieh  reaibn  this  Parallel  GO  la 
tidied  The  CireU  <if<(m^Mt  J^arHion  \  and  all  witlw 
in  the  Parallel  H  K  t^  never  come  in  View,  but 
lie  tonftantly  betow  the  Horizon,  and  therefore 
tiiid  ParaUel  HlC  is  called  tbeCinU  of  Perpehid 
OeaOtation.       ^  ^     •  . 

'  'Laftly^  Let  PE  ^ ^^ r*^rfefent  the  projedion 
6f  the  Earth  tit)on  fottie  Meridian,  P  die  North 
Md>  the  S^th  Polb,  EO;  the  Equator,  AB  thfe 
Ecliptick,  BC  ehe'^roj)!^  of  Q«<jer,  and  AD 
die  Tro[Hck  df'Ca[}H€ern;'lheh  ^tis  plain  that  the 
B^uator  is  the  ^Orizon  of  bloifh  Poles,  and  confer 
^Uently  die  NbrtKem  HenufphcTe  niuft always  be  in 
View,  and  die  Southern -always' hid  to  an  Inhabitaoc 
At  P ;  alio  die  MieaVecily  Bodies  will  appear  t«i 
nove  in  Circles  parallel  to  the  I^;o»&on,   and  (he 


fix'd  Stars  Will  ever  defcribc  the  fame  ParaUcIs, 
and  ^always  have  the  fame  Height  above  the  Ho- 
rizon.    When  the   Sun    by  hfs   annual  Motion 

comes 
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comes  to  be  perpendicular  to  the  Point  F,  and  then 
defcribes  the  Equator,  'tis  plain  he  will  be  in  the 
Horizon  of  both  Poles,  and  by  his  diurnal  Motion 
will  appear  to  move  quite  round  it;  and  fince 
half  the  Ecliptick  F  B  is  above,  and  the  other  half 
FA  below  the  Horizon  of  P,  'tis  plam  all  the 
time  the  Sun  is  in  defcribing  that  half  of  the  E« 
diptick  on  the  North; Side  of  the  Equator,  he 
will  be  above  the  Horizon  of  P,  and  all  the  time 
he  is  in  defcribing  the  other  half  on  the  South 
Side  of  the  Equator,  he  will  be  below  the  Hori* 
'IZLon  of  P ;  from  which  *tts  plain,  that  an  Inhabitant 
of  either  Pole  will  have  half  a  Year  continued 
Day,  and  as  long  Night.  And  fince  the  Sun's 
greatelt  Diftance  fron^  the  Equator  South  or  North 
h  23^  Degrees,  'tis  plain  his  ^reateft  Altitude, 
:or  DepreiEon,  above  or  below  the  Horizon  of  eir 
ther  Pole  muft  be  231  Degrees. 

43.  Thofe  that  live  -upon  the  Equator  are  faid 
to  have  a  Rigbi  Spbire^  becaufe  to  them  the  Hea- 
venly Bodies  appear  to  rife  and  ^  perpendicular 
to  the  Horizon ;  and  thofe  who  liVe.  between  die 

^  Equator  and  either  Pole  are  faid  to  have  an  ObUque 
Sphere^  becaufe  the  Heavenly  Bodies  appear  to. 
rife  and  fet  obliquely ;  and  Lafllyy  thofe  who  live 
on  either  Pole  are  faid  to  have  a  Parallel  Sphere^  be- 
caufe the  Heavenly  Bodies  appear  to  move  parallel 
to  the  Horizon. 

44.  The  Moon  being  an  opack  fpherical  Body^ 
it  receives  it's  Light  from  the  Sun  and  refle&s  that 
upon  the  Earth,  and  that  half  of  it  which  is  op- 
pofite  to  the  Sun  is  enlighmed  while  the  other  half, 
which  is  averfe  from  it,  is  involv'd  in  Darknefs  ; 
but  the  half  which  is  vifible  to  us,  is  that  which  is 
opjpofite  to  the  Earth  ;  and  therefore  according  to 
the  various  Situations  of  the  Moon,  with  refpecl  to 

•  the  Earth  and  Sun,  it  will  have  different  Illumina- 
tions I  for  fometimes  a  greater  and  ipmctimes  a 

^  Icfler 
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leiTer  part  of  the  enlightned  Hemifphere  is  turn'd 
to  the  Earth ;  and  likewife  fometimes  the  whole, 
and  fometimes  none  at  alLof  the  enlightned  Hemi- 
fphere is  fcen  from  the  Earth,  Tq.  e'Scplain  which, 
let  S  reprefent  the  Sun,  T  die  J^rdi,  RTX 
a  Part  of  the  Earth's  Orbit,  which  ut  defcribcs 
in  it's  annual  Moi;ion  about  the  Sun,  ABCD* 
EFGH,  the  Orbit  of  die  Mpdn,  in  wl^ich 
it  nioves  round  the  Earth  fron>>  Weft  to  E 
in  the  fpace  of  a  Month;  P  N^  O  M  the  Moon*s  ^^ 
Body,  and  it's.  Center  L;  let  the  Centers  of 
the  Sun  and  Moon  be  join'd  with  the'  right  Line 
S  L,  then  fuppofe  the.  Plain  M^L  N  pfefling  thro^- ., 
the  Center  of  the  Moon,  peifpendi(C\ilar  to  the  I^inc 
SXj  and  this  plain  will  cut  the  Sbrface  of  the 
Moon  in  a  great  Circle,  which  will  be  the  Termi- 
nator of  Light  and  Darknefs,  viz.  it  will  divide 
the  enlightned  Hemifphere  from  the  <iarkned  $  air 
fo  let  the  Centers  of  the  Earth  and  Moon  be  join'd 
with  the  right  Line  T  L,  and  perpendicular  to  ie 
draw  a  Plain  pafling  thro*  the  Center  of  the  Mooii, 
and  this  will  ciit  the  Moon's  Surface  in  a  Circle 
PLO,  which  will  diiride  the  vilibie  from  the  in- 
vifible  Hcmifpher^  of  the  Moon;  this  Circle  is  cal- 
led the  Circle  of  Vtfion.  ^  And.  henc^  'tis  plain,  that  if 
the  Moon  be  in  the  Point  A  of  it's  Orbit  oppofite 
to  the  Sun,  the  Circle  of  Vifion  PLO  will  co-incide 
with  the  Terminator  MLN,  and  fo  the  whole  enlight- 
ped  Hemifphere  of  the  Moon  will  be  turn'd  to- 
wards the  Earth,  and  'then  it  is  called  Full  Moon^ 
with  refpeft  to  the  Inhabitant^  c^  this  Earth,  but 
with  refpeA  to  the  Situation  of  the  Sun,  it  is  faid 
to  be  in  Oppofition ;  becaufe  the  Sun  and  Moon, 
feen  from  the  Earth,  appear  at  that  time  to  be 
in  oppofite  Points  of  the  Heavens.  When  the 
Moon  has  come  to  the  Point  B  of  it's  Orbit, 
then  'tis  plain,  that  the  whole  enlightned  Hemi- 
fphere will  pqt  be  turn'd  to  the  .Earth,  but  a  part 
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cf  It,  as  MK  wHl  be  witfrbut  the  vifiblfe  Hemi- 
iphere,  and  therefore  the  vifible  iUuminated  Part 
cannot  J»e  pfCttkr.  but  nvill  appeaP^ibbotis<it  when 
the  ^oonUs  in  tmLPoint  C  oMier  Orbit,  and  the 
le  CTC  a  rightXAngle,  ^heri  the' Angle  i>CS 
wifl  alfo  ^-  iJig^^HMe^  (jK^  If  aft,  differing  l|i^lo 
fr<igMC)-for.becaufe  df  the  v^diftanc^  of  dra^Sun, 


^if^ibi  the  £ 
ina]r.be  tak 
ofVifiOfiwiull 


'th  an< 
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Moon, Vdie  Lirib^  ST,  SC 

rallel ;  cofH^uenjbl^  the  Crcle 

_  the  Terminator  at  right  Angles, 

and  fo  onlyiDoe  half  of  the  enlightii^  Hemifphere 

will  be  in  thefV^ifible,  and  then  the/Mocoi  appears 

nd  is  called  Half  Mobn.  |p  this  Si- 
tuation the  Mo&n  is  only  a  Quadranis  difta^ce  from 
the  Sun,  and  tflerefore  it  is  faid  to  i>t  in  oik  of  it's 
^adratures.  Tie  Moon  proceedin 
that  in  this  Situsion  only  a  fmall 
enlightned  Hemifphere  is  turn'd  tS  the  Ear 
the  greateft  pai^  N  O  of  the  vjfeble  Hem 

confequently,  /  becaufe 
the  Moon,  ik  will  then 
rns  will  be  itum'd  towar 
oon  is  arrp'd  at  E,  'tis 
will  again/ co-incide  wit 
e  whole  darkned  Hemiip&ere 
Earth,  and  then  it  is  faid  to 
be  .New- Moon 'y  but  I  with  refiedb  to  it's  Situation 
with  the  Sun  it  is  faici  to  be  in  ConjunSlion^  becaufe 
it  appears  to  be  in  th|  fame  i)oint  of  the  Ecliptick 
with  the  Sun;  and  whtn  it  fas  mov'd^a  little  for- 
ward to  F,  'ds  plain  oart  of  the  enlightned  Hemi- 
fpher,  viz.  M  O,  will  pe  irf  the  vifible,  and  fo  it 
will  again  appear  horned  ,  /tnd  having  them  turn'd 
towards  the  Eaft;  alfo  wtten  at  G  it  will  appear 
halved,  and  when  at  H  tiWDous ;  and  Lajllji  when 
it  comes  to  A  it  will  ^in  appear  full. 

45.  Tho*  (as  was  :faid  in;  Art.  29.)  the  Moon 
moves   quite  round  ^*s  Ojjbit  in  27  Days,   and 

£)  ^  7  Hours, 
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7  Hours,  nearly,  call'd  the  P«rip£c  Month  j  yet  thc| 


Time 
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it  takes  from  one  Conjuni£lion  with  the  Sun» 
to  the  next,  is  {greater;  being  29  Days,  and  about 
1 2  Hours,  which  is  callM  the  SjtSdtc  Mouth  i  for 
let  S  be  the  Sun,  T  the  Earth,  AB  a  part  of  the 
fiafth'S'  Orbit  about  the  Sun,  and  ALDC  the 
Orbit  of  the  Moon ;  then  when  the  Earth  is  in  T 
let  the  Moon  be  in  L,  in  .Conjunftion  with,  the 
Sun ;  and  when  die  Moon  is  tnoving  from  L  round 
it's  Orbit  LACD;  «tis  plain  that  the  Eardi  in  die 
mean  time  will^e  moving  on  in  it's  Orbit  a^out 
the  Sun,  and  carrying  the  Moon's  Orbit  along  With 
it.  And  when  tWe  Moon  has  mov'd  quite  round 
it's  Orbit,  the  Earth  will  be  carried  from  T  to  /> 
and  the  Moon's  Orbit  will  be  in  the  Situation; 
lacd^  arid  th^e  point  L  will  be  in  the  Line  tl^ 
rallel  to  the  former  TL,'and  cbnfequendy  tha 
bon  will  then  be  in  /;  but  will  not  beinCon- 
jundidn  with  the  Srun  till  it  has^  inovM  ^  little  fur- 
ther and  defcrib'd  the  Arch  /M^  which  is  fimilar  to 
the  Arch  / T,becaufe  the  Angles // M,  /ST  are 
equal  (Jtif  Art»^6.Se£f.  i.).  And  hence  it  is  that 
ijia'  the  Moon  mbves  round  if s  Orbit  in  27  Days» 
7  Hours,  yet  from  new  Moon  to  new  Moon  it 
takes  29  Days,  12  Hours. 

46.  If  the  Moon's  Orbit  lay  in  the  plain  of  th« 
Ecliptick  I  'jtii  pkm  in  ^  Month'3  time  the  Moon 
mo\^d  imvt  rouiid  the  fame  Circle  ix^  the  Heavens, 
that  thjs  Sui^  appear^  to  do  in  a  Year,  viz.  the 
Ecliptick  ;  but  the  Moon's  Orbit  does  not  lie  in 
the  fame  plain  with  the  Ecliptick,  but  Js  inclin'd 
to  it  at  an  Angle  of  about  five  Degrees,  and  con- 
(equently  muft  intjprfeft  it  in.  a  right  Line  paffing 
thro'  the  Center  of  the  Earth  (  and  one  half  of  the 
Orbit  will  be  above-  the  Ecliptick  towards  the 
Nordi,  and  the  other  half  below  towards  the 
South.  The  Line  of  Interfeftion  is  calfd  the  Unc 
pfthe  No^Sy  the  fwd  Extremiti^  of  *rhich  are  caUe4 

tb§  Nod^s,  i:\it  Node  in.  which  the  Moon  is  wbw 

Ox  afcending 
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afcendb^  «bo?ief^e  Ecliptick,  towarcis  the  Noid^ 
Is  called  ibe^cmding  .Notkj.  or  Draggfs  Headj  foot 
brevities  iake  mazked  thus  A  ^  <and  /the  oppofite 
ofte*  t^/2.  thatm  which  the  Moon  \^  when  deifcend-^ 
log  below  die  Edipdck  towards  the  .South,  is  caU 
ted  thi  Dtfcmdii^  Mode^  or  Dragon^s  Tin'/,  marked 
thiislj'«  Jience'tts,  plain,  th^t  the ;  Mpon  cannot 
l^pear  in  the  Eclipcick  above  twice  ip  one^Feriod, 
f^.  when  it  is  ^n.  therNodes;  and  in  other  points 
of  ifs  brbit«  it  .wil|^be  more  or  Jefs  diftant  froR) 
the  cEcliptick,  ^cording  as  it  js  more  <>r  ^lefs  re^ 
inov^  ^om  ithe  npareft  Node ;  >  thefe  two  oppofite 
poinp  in  the  Orbit,  that  be  in  the  iniddle  txttweeq 
die  iNodes,  ^re  called  ti>^  Limits ;  apd  when  ;th9 
^poais  in  ^ther  of /thefe,  ihe  is  then  at  her 
gi^atcsft  Diftance  froqi  the  Ediptick. 
^  ^.  Th?  Heiglstjof  the  neareft  Pole  above  the 
Jiorief^n  of  an^,  place,  is  'eq^al  to  th^  Latitude  of 
^at  plate.  For  fet  A  be  any  place  uppn  thf 
5«rth,  A .H  O  it^s  Meri^an^  HO/ the  HorizoDi 
E  !^«he  Equator,  J^and^  the  two  Poles  ;  then  "ti^ 

pkk  A£  will  Icft^if^^ajm^^  tb^  fl^^f^  iMd 
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P^  the  Aeight  of -die  neareft  Pole  above  dur 
Horizon,  Kgw  finge  the  A^ch^  fp^  fi|i4  AO  ar«| 


16^63,  beiB^TtttiC  a  Qbaciatt^  Ifrom  i>odbL  tdoe 
t£e  eommon.Arck  AP,  aai  there  will  remain  A£ 
C(|uiEd  ISO  PO ;  ithiic  is^ttheHdcbc  of  thePole  above 
t^  Hortton  is :  tispal  ix>  the  iLatitude.  Alfo.  finoe 
tk^  Arch^  A I^  rBod  £  P  are  ^equal,  being  botii 
(Q^adf aats^  ftomJbsith  take^the  common  Arch  A£^ 
and  there  wiyU  resign  EH  equal  AP;  diat  is,  the 
Height  ofc  the:  Equator  dboix  tihe  Honzon  ofsny 
pJace>  is  (Cqual  to  die  Compliment  of  the  Latitude 
of  that  plaoe. 

48.  GicBi  Girtles  paiflli^:throV&epoks.of  the 
Eciiptick  and  ^ttcing  k  At  right  Angles^  are  called 
SeotMidaiies  txf  fthe  ficliptick* 

4^*  ^e.  M^iSiude'^f  BMy  Heavenly  Body,  is  an 
Arch  oC  the  S^eobdary  palling  l^ro?  the  Cencer  c^ 
t}ie  OkgeA, :  idteifceptefl  between  it  and  the  £clq)- 
liok ;  and^hiis  'either  .NoBth  or  Sondi,  according  as 
tlb  Objiafb is  ^ui  the  Noith  ^or  Soxxh  Side  of  the 
Eclipttckj;  .     '' 

i$o.  iTkeLmipPude^mY  Gdkftial  Body,  is  an  Arcfe 
of  the  Eciiiirtiek  intevcmted  between  the  Secondary 
paffic^  tbBo\  that  Body^  and  the  6t&  |)oint  og 
Aties/ 

^i«  SieJD^n/Uhn  ^  any  Heavenly  Body  is  as 
Arch  of  a  Meridian,  pdBtig)Qirer:that  Body,  in* 
tercepted  between  the  Center  bf  it  luid  the  celeftial 
Equator ;  and  »It:is|  either  Noith  or  South  according 
as  1^  Body  is  pn  liie  North)  or  South  Side  oftb^ 
jEqoator. 

32.  Son^e .  the  Sun:  by  his  .annual  Motion,  is  aL 
ways  either  approaching  nearer  to,  or  going  furr 
iber  frop,  the  Equator  ;  'tis  plain  he  muft  he  congi^ 
finually  changing  his  Pectination^  In  the  diii4 
Tablf  at  the  End  of  this  Book,  you  havp  his  Deir 
clinanon  for  every  Day  of  the  Year ;  in  which  yon 
|iiay  pbferve  that  in  the  Top  Columns  ftands  the 
ITear,  Month,  and  kinds  01  the  Declination,  viz^ 
Wfee^cr  \%  be  §©»*  W  N<>r*J  Wd  m  the  left  Hand 

^  * /-  Column 
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Column  fiands  the  Daf  of  the  Month ;  the  others 
Columns  contains  the  Declinadohs  anfwtrable  to  - 
tfaefe ;  confequently  to  find  the  Stin's  DecKAation  * 
for  any  Day,  fupppofe  the  tvrentieth  of  Afril^':* 
173  !•  I  lookat  the  Top  for  the  Tear  1 73 1,  and' 
llie  Month  Aprily  9nd  in  dhe  fide  Column  for  20, 
then  ia  the  Column  bjslow  Aprii^  and  on  thq  fame 
Line  with  20,  I  find  I4*'f  59'  f«  his  Declination^ 
North ;  and  the  fame  Way  his  DecJinatbn  may  be 
found  for  any  other  Day.  But  you  miift  obferve 
that  this  Table  is  calculated  only  for  the  Meridian 
%£  London^  ^  the  Noonthete;  that  is,  it  (hews 
the  Declination  of  the  Sun  when  upon  the  Meridian' 
of  London ;  and  confec|tiently  to  find  the  Sjun's  Die- 
dination  for  any  other  Time  of  die- Daj,  we  muft 
coiifider  whether  the  given  Time  be  before  Or  after* 
Nopn  i  if  it  be  before^  then  fay  as  24  Hours  is  to 
the  DifFerence  between  the  Dedinadon  of  the  Sun» 
the  Noon  of  the  preceeding  Pay,  and  his  DecH*. 
nation  the  Noon  .of  the  pnsfem:  Pay;  fo  is  the 
Time  from  Noon  laft  Da)y,  to  a  fourth  Propotional; 
which,  if  the  Declination  be  increafing,  immt  be  ad^ 
ded  to,  but  if  decreafing  fubftraAed  from,  the 
Sun^s  Declination  thq  Noon  of  the^  proceeding 
Day ; .  and  the  Sum^  or  Remaijider, .  is  the  Declina^ 
tion  for  the  prefcnt  Tkne« 
;  Example.  Suppofe  it  were  required  to  find  the. 
Sun's  Declination^  on  the  fimtth  I)ay  of  AprU 
173^9  at  8  Hours,  25  Minutes  in  the  Morning* 
To  do  this,  I  firf):  look  in  theT^63es».  for  the  Sun's 
Declination  the  fourth  Day  t£  JprU  1731,  and 
find  it  to  be  9?,  39' ;  then  I  look  for  it  the  third 
Day,  and  find  it  to  be  9*^,  iy\  the  difference  of 
thefe  is  22^ ;  then  I.  fay  as  24  Hours,  is  to  22' ;  fois 
20  Hours  25  Minutes,  the  time  elapfed  fince  laft 
Noon,  to  18';  which  added  to  9^,  17^  (bocauia 
the  Pedinatjon  is  increafing)  gives  9^,  35',  for  the 

'Sur's  prqfpnt  Peclin^tioPf    Ag^in^  if  the  Time 

propoftd 


^  propofed  be  after  Noon  i  Uiea*  to  find  the  Dedkui- 
.tion  for  Iliac  Time,  we  muft  look  in  the  Tables^ 
for  die  Sun*9  Declination  the  Noon  of  the  pre- 
.fent  ibay  *,  and  for  the  Auiie,  die  Noon  of  the  fol- 
lowing Day>  and  take  the  Difference  of  thefe  De- 
.clinationsi  then  fay,  fi3  24,  Hours  is  to  the  Differ 
'rence  of  the  Dcicliimdons,  fo  is  the  Time  elapfed 
.  £nce  Npon,  ta  a  Iburdi  Pipportional ;  which  add* 
.  ed  tOj  or  fufa^rad^ed  from,,  the  Sun's  Declination 
the  prefent  pay  at  Noon  (according  as  die  Decli- 
nation i&  increacfing  or  decreafing;)  gives  the  Sun's 
Declination  zt  the  Time  p^oppfed. 

EMmpli.  Suj^fe  it  were  required  to  find  the 
Sun's.  Declina^on  on  the  twelfth  Day  of  July  173X9 
at  4  Hours,  23  Minutes  after  Noon.  To  do  this 
we  muft  fiiit  loo^  in  the  Tables,  for  the  Sun's  Do* 
dinadon  the  twelfth  Day  of  July  1731 ;  and  will 
find  it  to  be  20^,  13','  then  for  his  Declination  the 
following  D^y,. which  is  20^,01',  and  the  Diffe- 
rence between  thefe  Two  is  12';  then  fay  as  24 
Hours,  is  to  12^,  fo  is  4  Hours,  23  Minutes,  the 
.Time  elapfed  fince  Noon,  to  2^  which  (becaufe 
the  Sun's  Declination  is  decreafing)  fubftradcd 
from  20^,  13' the  DecHnadon  of  the  Sun  at  Noon 
of  the  prdent  Day,  leaves  20^,  1 1 '  the  Sim's  Dc-^ 
clination  for  the  Time  propofed. 

And  fince  the  Table  of  the  Sun's  Declination  at  the 
End  of  this  Book  is  fitted  to  the  Meridian  of  Lon-t 
don^  ^^%  plain  it  cannot  ferve  for  the  Meridian  of  any 
other  place,  lying  on  the  Eafl:  or  Weft  Side  of  the 
'  Meridian  of  London  \  for  while  the  Sun  by  his  apparent 
diurnal  Motion  is  paffing  from  one  Meridian  to  an- 
other, he  is  at  the  fame  Time  ftill  moving  on  in  the 
Ecliptick,  and  confequendy  altering  his  Declina* 
tion.  Now  to  find  the  Declinanon  of  the  Sun  when 
he  is  on  the  Meridian  of  any  place,  lying  on  the 
Eaft  or  Weft  Side  of  London^  we  muft  take  the 
Difference  of  Longitude  between  London  and  the 

given 


given  l^kte  (or  if  the"  Meridian  of  Xe?/ri?«  bfr  fixp, 
tpofed  the  firft  Mtendiarii  we  mi^  take  the'  Ldngi^ 
■fude  of  the  Place)  and  convert  thi*  into  difference 
-^  Time,  which  will  fltow  the  Ticne,  bef^e  cir 
aft^F  Noon  at  LmdoH^i  ^  Sun  is  upon  die  Men- 
^i»of  the  Place  propped  3  wi.'^  the  Fhce  Ite 
en  tdie  Eaft  Side  fif  Eondon^  the  TiineWilP  be  be- 
fore Noon ;  but  if  0*1  tfte  "Weft  ic  Will  be  after- 
^Nbon  'f  then*  findings  according  to  die  preceed* 
kg  Eiiamplesy  the  SiHv'k  DtecUnatioh^^  the  Tnne 
^propofed,  the  fsme  wrU'  be  his  Declination  when 
on  the  Meridian-  of  thfc  ptoppfed  Pfaee.  \ 
•  YhiS  may  be  dctae  ano&elf  IW^yy  ^z.  by  the 
Aelp  of  the  Table  of  the  Variation  <^f  die  Sun*s 
PecKnation  to  every  i5pegree»of  Loiigitude  from 
the  Meridian  of  Lmnkn^  annexed  to  the  Table  of 
£^cKnati6n ;  the  uppet*  Cokmn*  oF^wfitieh  contairi^ 
the  Degrees,  and  the  left  hand  JSde"^  Colcimn  cdrN 
tains  the  Minutes  of  che  Sian's  daily 'Vitiation ;  and 
*he  other  Colunfens  contain  the  MiiiUfcs  anfwering 
to  the  Degrees  andMiriutes  in  «the  Tbp  and  Sidb 
Columns.  Now  to^  find  the  Suiif*s  0ecft»tion  aiiy 
Day,  when  he  ison  the  Mdridiah  of  ahy  place,  ly- 
ing on  the  Eaft  or  Weft  Sidfe-  dftindon;  hf  diis 
Table  1;  we  muft  firft  find  die  Suh'i  tfccHnation  for 
the  prefent  and  for  the  following  Da^y  j  and  the 
Ditference  between  thefe  two  will  give  us  the 
daily  Variation  at  that  time ;  then  look  m  die  Tabfe 
of  Variation,  fcf r.  at  the  Top,  for  the  Difference 
of  Longitude  between  Ltmdon  and  the  propofcd 
place,  and  in  the  fide  Column  for  the  IVfinutes  of 
Variation  •,  then  below  thefe  D^recs  in  the  Top 
bnd  on  the  fame  Line,  with  the  Variation  in  the 
fide  Column  we  will  find  the  Variation  reouired  5 
which,  if  the  propofed  place  be  Weft  c^  jLondon^ 
itnd  the  Declination  increafing,  muft  be  added  to 
the  Declination  for  the  prefent  Day,  and  the  Sum 
\^  the  DectinatioA'  reqerired;  but  if  the  Declination 

bf 
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be  -decreafin^,  then  the  VarfaQon  fubtrai^:^  ftom 
the  Declination  gives  that  r$;qwr^d  ;  ^dgain,  if  the 
place  lie  oii  the  Eaft  fide  of  London^  andt  the  P.e- 
clination  encreafin^,  then  the  Variation  fubtradted 
from  the  Declinaaon  for  that  Day,  leaves  the  De- 
dinatiim  Fequiwd-  I'-bue^f-  the-©eclination  4>e  dc- 
creafing,  then  the  Variation  added  to  the  Dedi* 
nation  gives  that  required.r. 

Example.  Let  it  be  required  to  find  the  Sun's 
Declination  when  he  is  on  the  Meridian  of  St.  Luda 
(whofe  Longitude  from  Londop  Is  60^,  15/  Weft) 
on  the  fixdi  Day  of  April  1 73 1 .  To  do  this,"  I  flrft 
look  in  the  Tables  for  the  Declination  cdf  Uie  §un 


9  ,  ^9 
which  is  14  Minutes,    the  Sun's  daily  Variation  at 

that  tini?';  then  I.look  in  the  Top  of  the  Ti^I©.of 

Variation,  ^c.  for  60  the  difference  of  Loiigiiudej 

and  in  the  fide  Cblunin  for  i^  5,  and  below  6a, 

and  in  the  fanie  Line  witK  1.4^  1  find  ?^Mihptesi 

vhich  (becaufe'the  place  is  Weft  of  Lindon^'^xi^ 

tiie  Declinafibn^ encreafihg)  I  add  to  19°,'  i 5V. find 

thefumis  19^,  17',  the  Sun's  Peclin^tion  at  St, 

Lucia  the  fixth  Day  ofjfpril  1731. 

From  this  y oir  m^  obiervfe?  tl&rt:  the  Method  of 
folving  this  Proj^lem  by  the  jTable  of  Variation, 
€sfr.  is  not  neni*  fo  good  mt  the  former,  for  here 
we  can  only  enter  the  Taplc  with.  »  Number  of 
Degrees,  which  is  cithepv  15^  or;iome  Multiple 
of  it  below  195^,  and  alNhe  o^d  Degrees  and 
Minutes  muft  be  thrown  awa)^^  ..Jiut  in  the  former 
Method  we  can  ufe  any  nun)bet^of  I^egrees  and 
Minutes.  '  ''^" 

53.  And  fince  the  fix'd  Stars  always  keep  die 
fame  places  in  the  Heavens  (at  Icaft  in  j  rfew^.  Years 
their  Variation  is  infenfible),  'tis  plain  their 
Declination  inuft  ftill  be  the  iaxne.    At  the  End 

•  P'  of 


f  otf    '    rZatinale  1/  ObJHiraiiiiii 

«f  (Be  Tsfbid  6f  Che  $ui/s  DeeltAriltioR,  ^er^  k  si 
Tihit  <S(  ^  ]>«oibatibi&  of  tfai  'txtoff  pncteip^ 


•/ 


I       run       •    ■  f  i    Mill     1  piiii    I  I  ■niMi 


S  E  C  T.    lY; 

,  Amude; 

fhiti  Pi-dkih  Hiittiiti  pf'fcveral  Cafes,  iccot^iq^ 
is  th^  dbftf vfed  ObjdA  is  fitiiate  with  retpeH  to  ^9 
"Eqaitety  kad  pUci  6f  b'bfervadon ;  wwM  9ic  ds 
foUdWi.      .  ■'..'.'• 

Cdfif,  l^fHtfn  tiieSuA  bV^tar  olilervM  has  M 
D^dKni{;16|h^  ot  is  up6h  the  Equator,  '|hen  ^e 
gehith  dlftaAcd  df  ihd  Objecft.  is  equal  to  the,  LaoE- 
fiidt  df  the  biici,  t^hi<ih  is  North  t»atitude  of  tlie 
m  or:  S^^  cdhKJ  ^d  tlic  Meridiari.  oii,  tbd  timik 


fide  of  tht  Zuiith  y  hni  Sottth  if  on  the  North  fidci 
For  in  the  anileked  Schei^ne,  Ikt  Z  ^eprefent'  thd 
j)lacc  Of  ObfcrvftUonj  PQ^i>E  it's  Meridian,  EQ^ 


(he 


f^^cmtOT^liO  1^  fiSw»«n,  P  thr  North  and 
jp  die  S9.uth  pQle^  .t|^n-'si$  pJiun,    fince  Jthe  ob^ 

rijat .  E  ^  ^Ul  n^refen*  ,tlfcs  faxh  of  itf s  jdiomai 
l4l5tfi9!P>  ?^?d  fWhen  jt  ^romcs  uppn  jche  Meridian, 
^£.^i4  Jbe  kjS  Z^it^  i^iftjantie,  whiob  is  xnaxiifefb- 
y  Jfl^^  (tjo  .#ie  Latitude  i^  tjbe.pbcp  Z.  And  when 
perpigjed):  at  £  is  Spfut;)^  p/  Z9 '  'iCis  plain  f  he  place  Z 
^^ft  be  Nortjb  of  £,  ;^pd  .GQpfe^u^ntljr  tfa^  Lati«- 
tiide  will  be  North. 

Qajh_%.  If  itl^e  'Svi9  otiSm^  vbc;n  jon  the  Meri- 
cUan,  i&p^  ;he  ^ni^th:;  rth^  tte  Dedination  pf  die 
jD4;>je^  isihe  fa;ne  with-^t^  i^itydie:jof  idae  place. 
i\Qr .  it  jsi^ej^jdent  l;hat  jn  j^%  j^fix  *  ishey .  ^ace  .equalilf 
^il^ant  from  the  Equator^  and  on  tbe^iMQeJJBde  c£ 
it  5  confcquently  if  the  Declination  be  North,  the 
JLj^tit^^e  .wyi  al^  ^  ^{^»ll]b>  wi  if  SoilfJb,  South. 

Cojlfi.  jf  the  Sun  or  Star  be  Jaciivsecb  Ahe  £qua- 
•tojr  jgtnd  place  of  Obfervatio,n,  then  the  I^atitpde 
<>f  diephiGe  is  equai  to  tfee  fuiti  of  the  Zenith 
*diflance  and  Declination  of  the^Obg^sd^  and  it  is 
of  the  ^arpe  name  with  the'  Declin^i9n,  viz.  if 
the  Declination  be  tiTortli)'  tke  Latitude  is  alfo 


/ 


^orth,  ft?  e  contra.    For  in  4;he  adjacjept  Scheme^ 
iit  AB  repfcfcnc  the  Pajallcl  dcfcrjibcd  by  the 

P  2  '     '    obfervcd 


-io8  Latitude  hy  Obfervathft. 

obfefved  ObjeA  in  it's  diurnal  Motion,  and  A  it's 
•place  upon  the  Meridian,  fituate  betvtreen  Z^  the 
.place  of,  ObferV^tion,  and  E  Q^  the  Equator  ; 
then  'tis  plain  that  Z  £  the  Latitude  of  the  place 
Z,  is  equal  to  th^  Aim  of  £  A  the  Dieclination^ 
and  A'Z  the  Zenidi  diftance,  and  if  the  Declina- 
tion  be  North,  the  Latitude  will  alfo  be  North, 
IS  e  contra  ;  fiiice  i^  this  Cafe  the  Obje£t  and  place 
of  Obfervation  lie  both  on  the  fame  fide  of  the 
Equator. 

Example.  Suppofe  On  the  twelfth  Day  of  ^pril 
1732,  the  Sun,  when  on  the  Meridian,  has  52^^ 
12'  of  Altitude,  and  confequently  37*^,  48'  Ze- 
nith diftance,  required  the  Latitude  of  the  place 
of  Obfervation. 

» 

.    the  Sun's  Declination tiut  Day  is  -   12**,  40'  N. 
his  Zenith  diftance      -    -    -    -    37  >  48 

•  the  funi  is  the  Latitude,  viz.     -    50  ,  28    N, 

Cafi  4.  if  the  Siin  or  Star  be  on  the  contrary 
fide  of  the  JEquator,  with  the  place  of  Obferva^ 


tion, .  and  confequently  both  Declination  and  Zenith 
diftance  be  of  the  fame  Namfc,  viz.  either  both 
North  or  both  South  s  then  the  Latitude  is  found 

by 


Latitiidt  by  Ohfirvaiim,  toy 

fey  tikiftg  the  peclipiitiqn  irbfti,  jfliie  2;<iHth  diftance; 
'aiAfit'  is  6f  a  contrary  name  With  the  Dcdinanon, 
For  in  the  adjacent  Figure  let  B  D  reprefent  thp 
Parallel  defcribed  bjp^  iSSt  o]^rved  Objeft  in  it'g 
diurnal  Motion,  o^ar  the  'othefN/ide  of  the  Equator 
E  Q^with  the  place  iZ,  a^d  fi^^will  be  it's  place 
when  upon  t]^  MericMan  ; ;  then  'lijs  plain,  that  if 
from  Z  B,  th^  2^m  diftance,  bd  .tjiken  B  E  the 
Declination,  €)ierei^Te;naia^ZE,;  the  Latitude  of 
the  place  of  Cibfcrvatioh  Z,  anSHne  Latitude  will 
be  of  a  contrary  name. ^^ith  the  (declination;  fince 
in  this  Cafe,  the  U^^ft  and  J^Mce  are  on  contrary 
fides  of  the  Equator*  '^     - 

Example.  Being  at  Sea  the  twelfth  Day  of  74- 
nuary  1732,  I  fpuadthe  Meridian  Altitude  of  the 
Sun  to  be  43^,  15';  confequently  his  Zenith 
diftance  46^,  45',  and  he  was ^ South  of  me:  Re- 
quired the  Latitude  of  the  place  of  Obfervation^ 
and  which  way  it  is. 

]pK>m  the  meridional  Zenith  diftance  -  46^,  45',  S, 
take  the  Sun's  Declination    -    -    -     ip^SS^S. 

there  remains  the  Latit.  of  the  place  27  ,10,  N. 
When  the  Zenith  Diftance  and  Declination  are  e- 
qual,  and  both  of  the  fame  Name,  then  the  Lati- 
tude vanifhes,  and  confequently  the  place  is  situa- 
ted on  the  Equator. 

Cafe^.  If  the  Sun  or  Star  be  between  the  place 
of  Obfcrvation  and  the  neareft  Pole,  and  confe- 
quendy  both  Declination  and  Zenith  diftance  be 
of  the  fame  name  5  then  from  the  Declination  fub- 
tra£):  the  Zenidi  diftance , .  and  the  Remainder  is 
the  Latitude  of  the  place  of  Obfcrvation,  and  it 
is  of  the  fame  name  with  the  Declination.  For  in  the 
annexed  Scheme,  let  K  L  reprefent  the  Parallel  de- 
fcribed by  the  obferved  Objeft  in  it's  diurnal  Motion, 
and  K  will  be  it*s  place  when  upon  the  Meridian  ; 
then  'tis  plain,  that  if  from  KE  the  Declination,  be 

taken  ZK  the  meridional  Zenith  diftance,  there  wiU 

remain 


xsxom  7^  Jth*  .JUritudc  of  th?  p^ce,  wiidi  wij^ 
^  pf  Jitpu^  ^oe  .n^m^  with  ^e  Pp^^i^OA,  J^e  ^ 


I     • 


Pbjeft  and  place  of  Obfcrvation  are  iiji  this  Calc 
Ipjxpn  the  fame  fide  of  the  Eqim.tpn 

Examj^le.  j.  Suppofe  on  the  twenty  third  Day  of 
fune  1733,  I  oblerved  the  Meridian  Altitude  of 
the  .Sun  jtp  be  82^,  4';  canfequently  his  Zenidii 
ijjftance  7^,  56':  Required  the  Latitude  of  die 
place  of  Ofafefvation,  and  which  way  it  is. 

The  Si*D>33eclioiLt5pn  tiinDdfis   -  A2^,  55/  N. 
Itis  Zenith  ^ijance  1$         -        -        7     ,  ^$    N, 

rfic  Difference  is  the  Latitude,  viz.   -     14,  59    N. 

Efcample.  2.  Being  at  Sea,  I  obferved  theMeridian 
Altitude  of  the  middlemoft  Star  in  the  Tail  of  the 
great  Bear,  to  be  56^,  44'  ]^forth ;  confeguently 
it's  Zenith  diftance  33^,  16',  and  it's  Declination 
being  56^,  22^  North:  Required  the  Latitude  of 
the  place  of  Obfervation,  and  which  way  it  is. 

From  the  Declination        -     -        ^6^^  22  N. 
take  the  Zenith  diftance      -      -    33»i6N. 

there  coTiains  the  Latitude    -    ^    23  ^  06  N. 

Cafe  6. 


.tafi^  If  the  Suii6r  Star  be  htrnkii.  tbeH^ri- 
zon  and  the  elevated  Pole,  then  to  the  Altitodt 
Add  the  Completrient  of  the  Declinxtidn,  arid  the 
Sum  will  be  tht^  Latimde  of  the  pli^e  of  Obfdi^ 
ratioii,  and  of  the  fanhd  liame  with  the  DecKna* 
tion.  For  Je^  A  B  b^  die  Parallel  xkfcrfbed  bf 
tile  Obje&  k  It'd  diurnal  Mocrony  B  it^i  place  oid 
did  M^dUiTi  wh^H'  beiween  the  Ho^hitti  and  ^ 


l^vated  Pole >  then,  'tis  plain,;  dmt  if  to  BO  dit 
Aldeude,  be  added  B  P  the  Complement  of  the 
Declination  ^f  the  Objeft,  the  Jum  P6  will  be 
equal  to  the  Her^t  of  the  Pok  above  the  Hori- 
zon, which  (by  Art,  j^j.  Sea.  g*;  is  equal  to  dif 
Ladtude  of  thRs  place  of  Ol^rvation  Z,.  and  ie  ^ill 
be  of  the  faase  name  with  the  i>eclinat|oii^  iincf 
both  the  iBace  and  the  Obje^  are  on  the  fam^ 
fide  of  the  Equator.  r 

,  EMumfle,  $fidg  at  ^ea,  I.obferred  die  bright 
Star  of  the  Harp  on  the  Meridian,  between  the 
Horizon  and  elevated^Pote,.  it'i  Altitude  being  8^, 
33',  and  Declination  38^,133/  North:  Required 
Ae  Latitude  of  the  place  of  Obfervation. 

To  the  Compliment  of  the  Detiinat.  S^^^V  N'. 
add  the  Altitude     .  ^    •    -    •         8  ,  33  K. 

the  fum  is  the  latitude    :    •    -       60  ,00  Nj 

Cafe  ft 


•  Cafe  i.  When  the  6bfcnrcd  Qbjea^dbfcs  uot^jfett, 
and.  confeque]idyftheiCompliineti&  6f  itfsDcdinar 
tion<  lefs.thanthe  'Latitude '0£; the. (>laceV  th)en]'tis 
plain^  the  ObjeftLwill  he  twiceLuf:i$n  thSe  Meridian 
in  24  Hours,;  insc.  iat>:  it's,  lead  ra^dg^eaceftAlcir 
tude;  whcniHeiAltitude  is  leftfrithe  Obje^St  is  theft 
between  the  Horizon  and  e}<vated  Pole,  and  by^ 
diat  Altitude  and  Declination  of  the  Obje<3:,  the 
Jjatitude  of  the  place  may  be  found  (as  in  the 
Jaft  Cafe);  but  when  the  Altitude  is  greateft,  the 
Objeft  is  then  on  -the  other  fide  of  the  Pole. 
Now  with  thefe  jwp  Meridian  Altitudes,  without 
knowing  the  .Declination  of  tlic  Objedt,  we  can 
find  the  Latitude  of  the  pkce,  ti\us ;  if  the  two 
Altitudes  be  bo^  ^oiMh6  fame  Jide^  of  the  Zenith, 
then  from  th^^  greaprft  fi^btraft  the  leaft,  and 
half  the  Remamder  added  No  the/ leaft  gives  the 
Latitude,  of  ^tjie  fame  name  .'with  the  Zenith 
diftance;  for  in  the^s42l££fiiiediilg  Scheme,  where 
A  B  rcprefented  the  Parallel  of  Declination,  de- 
feribed  by  the  Objed  in  it*s  diurnal  Motion,  B  O 
it'i  leaft,  and  A  O'it^s*  greateft  Meridian  Altitude,' 
*tis  plain,  if  from  A  O  be  takdn  BO,*  the  difFc- 
irence  will  be  Afi,'  the  hallf  of -which  PB  added 
to  BO,  gives  P  O  the  Height  of  thfe  Pole  above 
the  Horizon,  ^qual  to  '  the  Latitude  of  the  place. 
1  •  EMmpte.  •  Being  at  Sfea,  *  I  obferved  the  Norther- 
inoft  of  the -twd-'preceeding  Stains  in  the  Square 
of  tke  GrM  Bear^  which  did  -  not  fett,  and  found 
the  leaft  Altitude  to  be  23^,  i^',  and  the  greateft 
7'z^i  46^  both  isJ^rCh  4bimy  Zenith:  Required 
ihe  Latitude^  of  the -place'  of  Obfervation.    - 

•  From  the  greateft' Akitude  -  -  72^,  46'  N< 
*' take  thd  leaft '■    V.;-        r  '      •        23,12 

the  Remamder  IS  -  •  -  49  j  34 
the  half  of  which  is  -  -  .  -  ♦  24  ,  47 
to  which  adding  the  leaft  Altitude      23  ,  i!^ 

the  fum  will  be  -  -  -  47  >  59 
%  wmch 


•whidli  is  eqiiial  to  th?  Latitude  of  ttie  place,  and 
it  is  North)  bec^ufe  the  Zenith  diibuice  is  on  tfape 
J^fpitt  fide. 

But  if  the  greateft  and  leaft  Meridian  Altitudes 
pf  the  0\^^,  be  upon  different  fid^  of  the 
Zenidi,  viz.  the  One  tupoa  the  Nj^tth  and  die  o- 
thq-  Upon  the  ^f>ttth  £de  \  then  from  t^e  Suf* 
pleinent  of  the  greateft  Alutude  fubtrad):  die  leaft, 
and  hajf  the  Remainder  added  to  the  lead:  Alt^- 
Tilde,  will  give^  the  Latitude  of  the  place  of  Ob- 
fenration^  which  will  be  of  the  fame  name  widi 
the  leaft  Aldtude,  wfV  Nori^;  if  die  leaft  Alu- 
tude be  North  of  the  place,  £s?  ^  contra.  For  (n 
the  annexM  Figure,  let  B  A  repreferit  the  JParall^l 
dcfcribed  by  die  Objedt  in  it*s  diurnal  Modon, 
B  and  A  the  places  of  the  Objcd  when  upon  the 
Meridian,  on  contrary  fides  of  the  Zenith  Z;  sb 
it'is  leaft  Altitude,  and  H  A  it's,  greateft  Aldtude^ 
thie  Supplement  ^^hereof  is  AO:  Now  'tis  plain, 
that  if  from  A  Q  we  take  O.S,    the  ]g.emainder 


will  be^AB,  thel^alf  of  which^  P3t  added  IP 
B  O  make6  P  O  die  Height  of  ^he  Pole  above  die 
Horizon,  or  Lautude  of  die  place  %  %  which  wiU 
be  North  if  the  leaft  Aldtvi^lde  BO  be  on  the 
North  fide  of  the  place,  beca^fe  in  d^^is  Qa&  }^ 
North  pdle  will  be  elevated. 

(^  Exam$U^ 


*  ■>  ^ 


if4         Latitude  by  Ohfervatien. 

Example.  Being  at  Sea,  I  obferved  the  Sun  wh^fi 
he  did  not  fctt,  and  found  his  leaft  Meridian  Al- 
titude to  be  3^,  29'  on  the  North  fide  of  th^ 
Zenith,  and  his  greateft  Meridian  Altitude  was 
43^,  19'  on  the  South  fide:  Required.the  Latitude 
of  the  place  of  Obfcrvation, 
From  the  Supplement  of  the  Sun's  \        f-o   ^  _  # 

greateft  Meridian  Altitude  -  -  J  ^3^  *  3^ 
take  his  leaft  .Altitude  -  -  •  -  S  »  29 
and  there  remains  *  -  -  --  133, 02 
the  half  of  which  is  ^^  .  .  ..  66  ,  31 
to  which  adding  the  leaft  Altitude      •    3  »  ig 

the  fum  is-     -* 70  ,  oO   W. 

the  Latitude  of  the  place  of  Obfervation. 


>«i 


s  E  c  T.  V. : 

Of  the  Elements  of  Chronologjf. 

f .  npi  I  M  E  confidered  abftraftly,  without  any 
JL  relation  to  external  Objeds,  flows  always 
equally  and  uniformly,  and  it  is  called  Abfolute, 
True,  and  Mathematical  Time,  or,  fimply,  Dura-^ 
tion.  But  that  which  commonly  goes  under  the 
name  of  Time,  is  a  cenain  part  of  Duration  mea- 
fured  by  the  fimple  and  uniform  Motion  of  fome 
Body,  fuch  as  th^  Motion  of  the  Celeftial  Bodies  ; 
and  particularly  of  the  Sun  and  Moon ;  this  is 
called  Relative,  Apparent,  or  Vulgar  Time. 

2.  Time  is  divided  into  Years,  ^1onths,  Weeks, 
Days,  Hours,  Scruples  or  Minutes,  Gff. 

3,  A  Day  is  of  two  Kinds,  viz.  Natural  or  Jr- 
^tificial  5  a  Natural  Day  is  that  fpace  of  Time  that 
^  flows  while  the  Sun  moves  from  any  Meridian,  till 
-  he  comes  to  the  fame  again.    An  Artificial  Dt^j 

IS 
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IS  tktt  ipace  of  Time  that  the  Sun  continues  above 
tlie  Horizon,  an^  the  Time  he  continues  below  it 
is  called  a  Night. 

4.  An  Hour  is  a  certain  determinate  part  of  the 
Day,  and  is  either  equal  or  unequal.  An  equal  Hour 
is  die  twenty  fourth  part  of  a  natural  Day  *,  and 
an  unequal  Hour  is  the  twelfth  part  of  an  artificial 
Day,  which  is  alfo  called  a  diurnal  Hour^  as  the 
twelfth  pare  of  the  Night  is  called  a  noSurnal 
Hour  ;  thefe  are  likewife  called  temporary  Hoursp 
becaufe  at  difiirent  feafons  of  the  Year  they  are  of 
different  Lengths;  for  a  diurnal  Hour  in  the  Sum- 
mer  is  longer,  and  a  Nodurnal  ifaorter ;  than  in  the 
Winter;  but  in  the  equino^al  Day,  a  diurnal 
Hour  is  equal  to  a  nodurttal,  and  then  they  art 
called  equinoSial  Hours. 

5.  The  diurnal  Hours  begm  at  the  rifing  and 
end  at  the  fetting  of  the  Sun ;  and  the  noSurnal 
Hours  begin  at  the  fetting  and  end  at  the  rifing  of 
the  Sun.  Thefe  Hours  were  anciently  in  ufe  among 
the  Jews  and  Romans^  and  at  prefent  among  the 
^urks.  They  were  anciently  called  planetary  Fu)urs, 
bec;aufe  in  every  Hour  one  of  rfie  feven  Planets 
was  fuppos*d  to  prefide  over  the  World  ;  thus  for 
Example,  on  Sinday^  the  firft  Hour  from  Sun-rifing 
was  dlotted  to  the  Sun^  the  fecond  fell  to  Fenus^ 
the  third  to  Mercury^  and  fo  on  to  the  reft  in  order, 
viz.  to  the  Moon^  Saturn^  Jupiter  and  Mars  ;  by 
which  meanS)  the  firft  Hotir  from  Sun-rifin^,  the 
next  Day  fell ,  to  the  Moon ;  from  which  it  was 
called  Monday  y  and  fo  on  thro'  the  other  Days  of  the 
Week,  each  Day  getting  it's  name  from  the  Planet 
that  was  fuppofed  to  prefide  the  firft  Hour  of  that 
Day. 

6.  The  Day  In  different  Nations  begins  at  diffe- 
rent Times.  Thus  the  BabyhmanSy  AJfyrians^  and 
feveral  other  eaftern  Nations  began  their  Pay  at 
34in-rifing ;   the  |iour  after  ths|t,  they  called  the 

0^2  firjt 


ftrft  Hour,  and  fa  counted  on  liU  di^  camtf  to  ttin* 
twenty  fourth  or  iaft  Hour,  which  was  the  Hout 
before  Sun-rifing.    The  Jews  an4  Grecians  beggii. 
their  Day  at  Sun-fetti  as  at  this  Time  the  Italkns^ 
Siciliam^   Bobemu^ns^    Polanders  and  AufiriMs  do  ; 
the  Hpur  before  the  Sun-fett  they  call  the  laft  or 
twenty  fourth  Hour,  and  the  Hour  after  the  Sun 
is  fett,  they  eall  the  firft  Hour  ;    and  fo  count  oh 
to  the  twenty  fourth,  when  the  Suh^fetts  again. 
.  7.  The  Egyptiani^  and  Romans^  anciently  began 
^eir  Day  at  Mid-night ;  which  was  followed  by 
Hipparchusy    Gopernicus^  ami  other  AfirBnomers^   in 
their  Aftrdnomical  Obfervations,  and  is  ftill  retain- 
ed in  Britain^  France^  Spainj  and  moft  other  places 
in  Europe '9  but  the  Ar^s  and  modern  Afironomers^ 
begin  the  Day  at  Noon,  viz.  when  the  Sun  is  upon  i 
the  Meridian.  ' 

8.  A  IVeek  is  a  Succeffion  of  feven  natural  Days» 
dach  of  which  h^s  a  parucular  Name  allotted  to  it, 
viz.  the  firft  is  called  Sunday^  the  fecond  Monday^ 
and  fo  on. 

9*  A  Month  is  a  certain  Syftem  erf"  Days,  con- 
lifting  of  fomething  more  or  lefs  than  thirty  Days, 
and.  is  of  two  kinds,  viz.  AJironamicai  or  Civil\  an 
Afironomical  Month  is  that  which  is  governed  ei- 
ther by  the  motion  of  the  Sun^  or  that  of  the 
Moon ;  and  conftquently  is  of  two  kinds,  viz.  Solar 
Of  Lunar.  A  Solar  Month  is  that  time  which  the 
Sun  takes  to  run  thro'  a  whole  Sign,  or  the 
twelfth  part  of  the  EctipHck  -,  and  a  Lunar  Month 
is  that  which  is  meafured  by  the  motion  of  the 
Moon  round  the  Earth,  and  is  oi  three  kinds,  viz. 
PerioAcaly  Synodicaly  and  that  of  libtmination  i  the 
Periodical  and  Synodical  Months  are  defin'd  in 
Art.  45.  SeSi.  $.  and  the  Month  of  Illumination  or 
Apparition^  is  that  fpace  of  time  contained  between 
t]|e  Day  that  the  Moon  begins  to  appear  after 
change,  to  the  Day  that  ihe  difappears  v  ^and  this 
'.  .  cohfifts 
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w»fifts  of  twmtjr  fdght  Pay9.  nearly.  A  Cnv/or  P^ 
/tf|(^/  MoACht  diffJEirs  from  the  ^firontmcah  an4 
Coniifts  of  mpr^  or  fewer  Days  according  to  the 
Inftitution  of  the  Country  in  which  they  are  ufed^ 
10.  A  Tiar  \%  a  pertain  fyftem  of  Months,  and 
is  either  JJironomk^  or  Civil  i  the  Aftronomkal 
Tear  k  of  two  kin<ls9  viz.  Solar^  or  Lunar ;  and 
1^  Solar  Tfar^  is  either  Sidereal  or  Tropical.  The 
Sidereal  Tear  is  that  fpace  of  Time  that  the  Suff 
takes  to  move  from  a  fix*d  Star  till  he  return  to 
tjie  fame  again )  and  it  confifts  of  of  365  Days« 
6  Hours*  9  Minutc^f  and  14  Seconds ;  the  Tro^ 
peal  Tearh  chat  fpace  of  Time  which  flows  while 
the  Sun  moirea  from  any  one  of  the  Cardtnal 
Pmis^  till  he  returns  to  the  fame  again  \  and  it 
confifts  of  3^5  I>syst  5  Hours,  4^  Minutes,  aii4 
57  Seconds,  and  irommonly  gets  the  name  of  th^ 

Solar  Tear. 

ti.  A  iMnar  2>4r  cbnfifts  of  a  certain  number 
of  Months,  and  is  either  Cowman  Qt  EmkoU/mie,  A 
Common  Lunar  Tear  confifts  of  twelve  Synodic  Lm^ 
nations^  and  an  EmboUfmie  coatains  diirteen. 

i^.  ^e  Civil  or  PoUHeal  Tear  confifts  of  a  cer-i 
tain  number  of  Days,  more  or  hwtty  according 
to  the  Laws  and  Cuftoms  of  the  Countries  in  which 
it  is  received. 

23.  Since  the  Common  Immt  Tear  confifts  of 
twelve  Synodic  Months ^  or  354  Days  nearly,  an4 
tht  Solar  confi&s  of  365  Days,  ('thrpwing  away* 
the  (x|d  Hours  and  Minutes)  'tis  plain  diat  ttie 
Spkr  Tear  will  exceed  the  Lunar  by  about  it 
Days ;  aiid  pooiequently  in  the  fpace  of  aboue 
thirty  tln-ee  Tears  die  beginning  of  the  Lunar  Tear 
will  be  carried  thro'  all  the  Seafens  i  and  hence  it  is 
called  the  Moveal^le  Lunar  Tear.  This  form  of  the 
If^ear  is  ufed  at  this  Time  by  the  Turks  and  Ara^ 
iiam  ;  and  becaufe  in  three  years  Time,  the  Solar 
exceeds  the  Lfmat  by  33  Days^  therefore  to  keep 
;  .  the 
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the  Lunar  Months  in  the  fame  Seafbns  and  Tknes 
of  the  Solar  Tear^  or  near  it^  they  added  a  whole 
Month  to  the  Lunar  Tear^  every  third  Year,  and 
fo  made  it  confift  of  diirteen  Mondis  %  thb  Year 
they  called  the  Embolifmic  Tear^  and  the  additional 
Month)  the  Emhlifnean  or  Intercalary  Month.  This 
form  of  the  Lunar  Year  is  called  the  fiit'd  Lunar 
\  -  Tear ;  and  it  was  ufed  by  the  Greeks  and  Romans 
Ifll  Julius  Gafar^s  time. 

•  14.  The  Egyptians  made  ufe  of  the  Solar  Tears^ 
and  made  each  confift  of  365  Days,  which  wantt 
of  the  ^Tropical  Tear^  almoft  6  Hours ;  and  confe* 
<|oently  the  Egyptian  Year  b^an  always  6  Hours 
fooner  than  the  immediately  preceeding  tropical 
Tear^  by  which  means  in  four  times  365  or  1460- 
Years,  (called  the  Great  Canicular  Tear  or  Sotbiacal 
Period)  the  beginning  of  the  Year  moved  thro'  all 
die  Seafons. 

15.  Juku$  Cafar^  in  order  to  reduce  the  Cknl 
er  Politieal  Tear^  nearly  to  an  equality  with  the 
Tropiealj  and  confidering  that  the  ^Tropical  Tear 
coniifted  of  365  Days,  and  6  Hours  nearly,  which 
exceeded  the  Cm/ 2?iir  by  6  Hours  each  Year,  and 
tonfequently  in  four  Years  exceeded  it  by  one 
whole  Day ;  he  ordered  that  to  every  fourth  Year 
there  fhould  be  one  Day  added,  and  fo  make  it 
conlift  of  366  Days,  by  which  means  the  Cn;f/ 
and  Solar  Tears  were  reduced  pretty  near  *to  an£- 
quality.  This  additional  Day  was  put  in  the  month 
^f  February^  and  becaufe  in  the  common  Year,  the 
twenty  fourth  Day  of  February  was  called  by  the 
Romans  J  the  fixth  of  the  Kalends  of  March^  there- 
fore he  ordering  that  this  Day  fliould  be  added 
after  the  twenty  fourth  Day  of  February y  and  called 
by  the  fame  Name;,  there  happened  every  fourth 
Year  two  Sixths  of  tht  Kalends  of  Mar  cb^  and  hence 
that  Year  was  called  Bijfextile  or  Leap  Tear.  Thi« 
way  is  dill  retained,  and  n)ad^  ufe  pf  by  us. 

16.  Bus 
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x6,  But  the  true  Length  of  the  Year  being  365 
DayS)  5  Hours,   and  49  Minutes  nearly,  and  by 
the  Jidkm  Account  365  Days  and  6  Hours ;    'ds 
plain  the  Ciwl  Tear  exceeds  the  Solar  by  1 1  Minutes 
yearly;    Confequently  if  the  Sun  any  Year  enter 
the   EquimSial  on  the  twentieth  Day  of  March 
at  Noon,  the  next  Year,  he  will  enter  the  Eqm* 
noSlial  the  fame  Day,   11  Minutes  before  Noon, 
the  next,  t%  Minutes  before  Noon,  and  fo  on« 
Confequently  in  131  Years  the  Solar  will  anticipate 
die  CruU  Tear^   by  one  whole  Day  ;  and  fo  eithec 
Eqtmox  will  not  happen  always  on  the  fame  Day 
of  the  Civil  Tear^  but  be  carried  in  a  Retrograde 
Order  thro'  all  the  Days  of  it.    This  was  what  put 
Pope  Gregory  the  XIIL  upon  reforming  the  Juliam 
Kalendar  %   for  finding  that   at  the  Time  of  the 
Nicene  Coundlf  :when  the  Time  of  celebrating  Eafter 
was  inftituted,  the  vernal  Equinox  happened  the 
twenty  firft  Day  of  March ;  and  by  flowing  con* 
tinually  backwards,  it  happened  at  his  time,    in 
the  Year  1572,  on  die  eleventh  Day  of  Marcb^ 
anucipating  it's  former  Time,  by  10  whole  Days) 
he  ordered  that  dieie  10  Days  Ihoold  be  taken  out 
of  the  Kalendar  J  and  the  eleventh  Day  of  March 
ihodd  be  reckoned  the  twenty  Firft ;  and  to  prevent 
the  feafons  of  the  Year  from  going  any  more  back* 
wards,  as  they  were  before,  he  ordered  that  every 
hundred  Year  of  the  Cbriftian  Mra  (which  accord- 
ing to  the  JuHan  Kalendar  is  Bijfextile)  Ihould  be  a 
common  Year,,  and  fo  confift  only  of  365  Days ; 
but  this  being  too  much,  therefore  every  four  hun« 
^red  Year  was  to  remain  Bifextiie  or  Leap  Tear. 
This  form  of  the  Year  is  received  in  France^  Spain^ 
Germany^    Ifaly^  .  and  other  Countries  that  allow 
of  the  Pope's  Authority  *,   as  alfo  in  HoUandy  and 
/everal  other  places  where  the  reformed  Religion 
is  profefs*d.    But  the  Britijh  and  ^other  Reformed 

•^  ......  northern 


northcrh  Natidfia  ftill  rdcain  the  Juiwn  foim,  vhicH 
is  called  Old  Stile ^  txd  the  Gregorum^  Nnv  StUi.  ' 

ly,  A  KaUndar  is  a  regular  Dtfpofidon  of  xhA 
Days  la  the  Civil  TeoTy  into  Months  and  Weeks  } 
each  Day  cf  every  Week  behig  dtftingiiiflied  ftwn 
another  by  one  of  the  firft  fei^en  Letters  of  the  AU 
phabet^  tix.  A,  B,  C,  D,  £,  F^  0«  BegiMiog  m 
the  fifftof  January^  to  k  is  annexed  the  Letter  A^ 
to  the  fecond  die  Letter  B^  to  the  third  C,  and 
fo  oo  to  the  feventh^  to  which  b  annexed  tjb/t 
Letter  G ;  and  begiifliing  again  with  the  Letters^ 
to  the  cighdi  is  annexed  A,  to  the  ninth  B,  to  tbft 
tenth  C,  and  fa  on  thro'  the  reft  of  the  Days  of 
die  Year,  eadi  of  them  haying  one  of  thefe  Letters 
annexed  to  it  Hence  'tis  .^in  that  whatever 
Letter  is  placed  againft  any  Dav  «f  any  Week  ^ 
that  Letter  will  be  placed  againw  thiM:  Day  thro' 
the  whole  Year :  thus  if  d^  fiift  Day  of  Jataf- 
4srf,  againft  which  ftands  the  Lettier  A,  be  a  Sun^ 
dayi  then  all  the  Days  in  the  Kahidsr  having 
the  Letter  A  ftanding  againft  them,  will  be  Swt^ 
days.  Alfo  if  the  fourth  Day  of  J^mu^^  sigainft 
wUch  ftands  die  Letter  D,  be  a  Smtiafy  then  aS 
the  Days  in  the  Xaietnlarj  havkg  D,  annelted  M 
them  will  be  Sundays.  That  Letoer  mkkh  anfwera 
to  the  Sundays  throughout  die  Year,  is  called  iht 
Domuical  or  Suuday  Lener^  for  that  Year. 

But  lince  the  Common  T$at  confifts  of  ^$5 
Days,  if  that  be  divided  by  ieven,  the  Quotient 
will  be  52  Weeks,  and  one  Day  over  f  anS  fince 
if  nothing  remained,  then  whatever  Day  of  the 
Wedc  die  Year  began  on,  the  (ame  Day  of  th« 
Week  would  be  the  firft  Day  of  tadi  fucceedine 
Year  ;  'tis  plain  that  whatever  Day  of  the  Weefc 
any  Year  begins  on,  the  fame  Day  c^  the  Week 
will  be  the  laft  Day  of  die  Year  1  -and  confequenfi^ 
ly,  if  the  firft  Day  of  January^  td  whidi  is  annexe 
od  d»  Letter  A^  be  Sunday ^  the  laft  Day  of  the 

Year 
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Year  will  be  Sunday^  and  the  firft  of  the  next  will 
be  Mdndajj  and  the  firft  Sunday  of  the  Year  will 
fidl  on  the  feventh  Day,  to  which  is  annexed  the 
Letter  G,  Which  therefore  will  be  the  Dominical 
Letter  all  that  Year ;  and  fince  the  Year  began 
on  JMbndayj  it  will  alfo  end  on  Monday^  and  the 
firft  Day  of  the  next  Year  will  be  Tuefday  ;  con- 
fequently  the  firft  Sunday  will  fall  on  the  fixth 
Day,  to  which  is  annexed  F,  which  therefore  will 
be  die  Dominical  Letter  all  that  Year.  And  the 
fame  way  the  Dominical  Letter  the  Year  following 
will  be  E,  and  for  the  next  D^  and  in  this  retro- 
grade ordier  t^e  Dominical  Letter  is  carried  fuc- 
ceflively  thro^'  the  fcven,  after  which  it  begins  a- 
gain. 

18.  From  what  has  been  faid  'tis  plain,  that  if  the 
Yearconfiftedof  365Daysexaftly,  after  a  Period  of 
ftven  Years,  the  fame  Day  of  each  Month  would  fall* 
on  the  fame  Day  of  the  Week.  But  becaufe  every 
fourth  Year  is  Bijfextile^  confifting  of  366  Days, 
i^hich  is  equal  to  y2  Weeks,  and  2  Days;  there- 
fore if  that  Year  begins  on  a  Sunday y  it  will  end  on 
Monday  J,  and  the  next  will  begin  on  Tuefday^  and 
the  firft  Sunday  of  that  Year  will  fall  on  the  fixth 
Day  of  January  y  to  which  is  annexed  the  Letter  F, 
which  will  be  the  Dominical  Letter  for  the  Year 
following  the  Leap  Tear,  whofe  Dominical  Letter  v/sls 
A.  And  fince  the  BiJJextile  or  Leap  Tear,  returns 
every  fourth  Year,  *tis  plain  the  Series  of  Dominical 
Letters  will  be  interrupted,  and  will  not  return 
till  after  four  times  Seven,  or  twenty  eight  Years. 
And  hence  arifes  the  Cyde  of  twenty  eight  Years 
called  the  Solar  Cycle^  which  being  compleated  the 
Days  of  the  Month  return  in  the  fame  order  to 
the  faime  Day  of  the  Wedk. 

19.  And  fince  in  every  Leap  Tear^  the  Intercom 
lary  Day  is  placed  between  the  twenty  third  and 
twenty  fourth  Day  of  February,   and    fo  makes 
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two  twenty  fourths  of  February ;  which  in  the 
Kalendar  are  eileemed  as  one  and. the  fame  Day^ 
and  Jiave  the  fame  Letter  afExed.  to  them,  aad 
which  by  our  way  of  reckoning  arf  called  the 
twenty  fourth  and  twenty  fifth  Day.  of  February  i 
*tis  plain  the  order  of  the  Dominical  rJ^tter  will  at; 
that  time  be  interrupted,  and  the  fucceei^ing  Letter 
will  take  plage  j  thus  if  in  a  Leap  Tear  the  firft 
of  January  be  Sunday^  and  confequently  the  Do* 
minical  Letter  A  ;  the  twenty  fourth  Day  .  of  Fe* 
hruary,  will  fall  upon  a  Friday j  and.  the  twenty 
fifth  on  a  Saturday  y  and  fince  both  thde  Days 
are*  mark'd  in  the  Kalendar  with  the  fame .  Lettei: 
F',  the  following  I)ay,  which  is  Sunday j  will  be 
markM' with  G,  which  Letter  will  niark  out  all 
the  Sundays^  and  confequently  •  be  the  .D^»/^^/ 
Letter^  the  remaining  part  of  the  Year.  And  hence 
it  is  that,  every  Leap  Tear  has  two  Dominical  Let^ 
tersy  the  firft  of  which  ferves  from  the  begin^ 
ning  of  the  Year  to  the  twenty  fourth  or  twenty 
fifth  Day  of  February^  and  then  the  other  takes 
place,  and  ferves  for  the  reft  of  the  Year. 

20.  The  firft  Year  of  the  Solar  Cycle  was  plac'd 
in  a  Leap  Tear^  having  for  it's  Dominical  Letters  G 
and  F,  whence  the  Dominical  Letter  for  the  fecond 
is  E,  for  the  third  D,  for  the  fourth  C ;  and  the 
fifth  Year  of  the  Cycle  is  again  Bijfextilej  whofe 
Dominical  Letters  are  B  and  A,  confequently  the 
Dominical  Letter  for  the  fixth  Year  is  G,  and  {6 
on,  as  in  the  following  Table  which  fliows  the 
Dominical  Letter  for  every  Year  in  the  Cycle. 
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.  Whence  't&  piain,  that  by  knowing  the  Year  of 
the  C'fcle^  we  can  find  the  Dommcal  Letter  anfwcr- 
ing  thereto  frbtn  the  Table.  Now  fince  the  firfl: 
Year  of  the  Chrifiian  Mr  a  happened  on  the  tench 
Year  .of  theCycif^  and  confequently  9  Years  qJF 
the  C'^cle  were  elaps'd  before  the  Chrifiian  Mra 
commenced ;  therefore  to  find  the  Year  of  the 
Solar  Cycle-  for  any  Year  of  the  Cbriftian  Mra^  and 
the  Dominical  Letter  belonging  to  it ;  we  muft  add 
9  to  the  given  Year  and  divide  the  Sum  by  28, 
riien  the  Quotient  will  Ihow  how  many  compleat 
Cycles  has  paft  fince  the  firft  Year  of  the  Solar 
Cycle^  that  the  Chrijiian  Mra  commenced  in,  and 
idle  Remainder,  if  there  be  any,  will  (how  the 
current  Year  of  the  Cycle  \  *  but  if  there  be  no 
•Remainder  then'  the  Year  is  the  laft,  or  twenty 
eighth,  Year  of  the  current  Solar  Cycle ;  and  hav- 
ing found  the  Year  of  xht  Cycle ^  we  have  the  Bo- 
minical  Le//tfr  :^  ahfwering  it  from  the  preceeding 
Table. 

Example.  Suppofe  it  were  required  to  find  what 
Yc^r  of  the  Solar  .Cycle  the  Year  1734  is,  and 
the  Dominical  Letter  belonging  to  it. 
:  Fi0^  1.  add  .9  to  the  given  Year  and  the  Sum 
is  i743>  which  divided  by  28,  the  Quotient  62 
ihaw$^  that  there"  are  62  compleat  Cycles  elapsed, 
•fince  the  firft  Year  of  that  Cycle  in  which  the 
Chrijiian  Mra:  commenced  ;  and  the  Remainder  7 
&oWs  that  the  Year  1734  is  the  feventh  Yiear  of 
the  current  Cycle\  then  looking-  in  the  pj-eceeding 
Table,  for  the  feventh  Year  of  the  Cycle^  I  find 
the  Dominical  Letter  anfwering  thereto  is  F. 

21,  Since  the  Revolutions  of  the  Sun  and  Moon 
are  found  conftantly  to  be  the  fame,  the  Moon 
moving  with  .  about  thirteen  Times  the  velocity  of 
the  Sun  i  it  follows,  that  after  a  certain  Numbef 
of  Revolutions,  they  muft  meet  again  in  the  fame 
Point  of  the  Heavens  they  did  fome  time  before^ 

R  2  which 
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which  by  MbIoh  die  Athenian^  was  iaid  to  be  19 
Years  juft  \  after  the  expiration  of  which  Time 
the  new  and  full  Moons  were  fuppofed  to  happm 
on  the  fame  Day  and  time  of  that  Day,  and  in  die 
fame  Month,  they  did  19  Years  before  that.  This 
C'^cle  i$  from  it's  Author  called  the  Meionic  Cycle  i 
alfo  'tis  called  the  Lunar  Cycle. 

22,  This  Cycle  begao  i  Year  before  the  com- 
mencement of  the  C^n^Ji^ir^r^,  and  ccmfequently 
to  find  what  Year  qf  the  Cycle  any  Year  in  the 
Cbriftian  JSra  is;  we  muft  to  the  given  Year 
add  I,  and  divide  the  fum  by  19  ;  then  the  Quo- 
tient will  fhow  how  many  Cycles  have  revolved 
fince  the  commencement  of  the  Cbriftian  /Era,  and 
the  Remainder  will  fhew  what  Year  of  the  Cycle 
the  prefent  Year  is ;  if  there  be  no  Remainder 
then  the  given  Year  will  be  the  laft  or  ninteenth 
Year  of  the  Cycle.  The  Year  of  the  Cycle  anfwer- 
ing  to  any  given  Year,  is,  for  it^s  great  Ufe  in 
determining  the  Times  of  the  new  and  full-  Moon^ 
and  thereby  knowing  wljat  Day  of  the  Month 
Eafter  Dcty  falls  upon,  called  the  Golden  Number 
or  Prime  for  th^t  Year.  / 

Example.  Required  the  Golden  Nmnber  for  the 
Year  1732.  ^ 

Firft^  I  add  i  to  the  given  Year,  and  the  fum 
is  17^3,  this  divided  by  19,  gives  ox  for  the 
Quotient,  and  4  for  the  Remainder  5  which  (hows 
that;  there  has  revolved  9 1  cpmpleat  Ijmar  Cycles 
fince  the  firft  Year  of  that  C'^cle  in  which  the 
Cbriftian  Mr  a  commenced,  and  that  the  given 
Year  is  the  fourth  Year  of  the  current  Cycle^  con-r 
fequently  4  is  the  Prime  or  Golden  Number  for  the 
Year  1732. 

«3.  It  has  been  fliown,  zt  Art,  13.  of  this,  th^t 
the  Solar  Tear  exceeds  the  Lunar  by  1 1  Days  near- 
ly i  confequently  if  the  Moon  be  New,  or  in  con- 
junction with  tlu:  Sun,  on  the  laft  Day,  or  thirty 

firft 
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fiift  of  Jitnnibgr  itL  any  Tear,  on  die  laft  Thf  of 
die  next  Year  it  will  be  1 1  Days  paft  conjunAion* 
and  on  the  kft  Day  of  the  fiodlowtiie  Year  it  will 
be  22  Days  after  new  Mooni  bbt  becaufe  in  die 
facceeding  Year  this  amounts  to  33  Days^ :  and 
30  Days  being  allowed  for  a  compleat  Moon : 
*tis  plains  in  that  Year  there  will  ha\re  happened 
23  Conjunftions,  and  the  Moon  will  be  3  Days 
paft  Change  on  the  laft  Day  of  it;  confequendV 
on  the  laft  Day  6f  the  next  Year  die  Moon  will 
be  14  Days  paft  the  Conjunftion,  and  fo  con* 
tinuaUy  incxeafing  by  eleven  Days  yearly,  till  after 
the  end  of  z'^  Years  it  will  become  the  iame.as 
before.    The  Age  of  the  Moon  or  number  of  Da>  s 

?Lfti]nce  theConpindion,  on  the  laft  Day  of  any  . 
ear  is  called  the  Efa£l  for  the  fucceeding  Year.  - 

'  24.  Now  fince  die  EpaS  for  the  firft  Year  of 
die  Lunar  Cycle  was  1 1,  the  Epaii  for  the  Second 
will  be  22,  for  the  Third  3,  for  .the  Fourth  14^ 
for  the  Fifth  25,  and  fo  on  conftantlyincreafing 
by  II ;  it  foilows  that  to  find  the  ]^a£i  for  any 
Year,  we  muft  mnldply  the  GoMen  Number  for 
that  Year  by  ii,  and  divide  the  Produft  by  30, 
and  the  Quotient,  if  there  be  any,  will  ihbw  how 
many  EmBoHmeaff  or  Intercalary  Months  has  hap* 
pened  fince  the  firft  Year  of  the  current  Cyebj  and  ^ 
the  Remainder  will  be  the  EpaH  for  the  given 
Year ;  or  will  ihow  how  many  Days  has  dapfed 
between  the  laft  Dav  of  the  former  Year  and  the 
immediately  preceeains  Conjunction.'  ^ 

Example.  Required  mt  EpaS  for  die  Year  1 73^* 
'  Firfti  By  Att.  22.  I  find  the  Goldett  Number  for 
the  Year  1735  to  be  7,  which  multiplied  by  ir^ 
gives  77,  and  this  divided  by  30  gives  2  for  the 
Quotient  and  17  for  the  Remainder,  and  coni<5« 
quently  there  has  been  2  Intercalary  Months  finc& 
the  commencement  of  the  current  Cycle  to  the  Yeir 
}J3^f  ap4. 17  is  the  Epail  for  that  Year,  or  it  is  * 
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the'Age  of  the  Motmr  the  laft  'Day  of  Decenibel^ 

'  25.  Since;by.^rX^23.  the  EpaS  for  any  Year 
ihews  the  Age  df  the  M^os  on  the  laft  Day  of 
the  preceeding  Year,  'tis  plain  if  ta  the  Epa£l  we 
add  tf^  the  fum  wiH  be. the  Age  of  the  Mooit  the 
firft  Dayof  that  Year;  but  becaufe  the.  ^jn^^i^/ 
JMbnth;^  or  time  betwen  any  two  immediate  Con- 
juniftionfii,  is  equal  10.29  Days  and  an  Half,  an4 
January  containing  31  Days;  therefore  if  to  the 
Age  of  the  Moon  on  the  firft  of  January  be  add- 
ed I  i  or  (to  avoid  FraAions)  2  Days,  the  fum 
will  be  the  Age  of  the  Moon  on  die  firft  of  Fe^ 
hruaxy. ;  and  becaufe  in  common  Years  the  Days 
in  January  and.  February  taken  together  make  59 j 
which  is  exactly  equal  to  twa  intzne^  Lunations, 
therefore  the  Age  of  the  Moon .  on  the  firft  of 
January  will  be  the  fame  with  it*s  Age  on  the 
firft  •  of  March,  ~.and .  iconfequently  i  to  if's  Age  on 
the  firft  ,of  January y  there  is  .  nothing  added, ^iA 
common  Years;.  for:it!s  Age  on  the  fiirft  of  March i 
but  in  Leap  .Tears  the  fum  of  the  Days  in  Ja- 
^rfary  and  Februaryihdho,  60,  which  is-  more  than 
two  intire  Lunations  by  i  Day,  it  is  evident  that 
in  this  Cafe,*  ;we  muft  add  ii.Day  to  the  Momf% 
Age.on  the  iirftjof /^ma;tfr;y,  and  the  fum  will  be 
it*s  Agei  on  the  firft  of  March.  And -by  the  fame 
Iway  of.reafoning  it«will  appear,  that  to  1  find  the 
Age  of  the.A£7/7i^  on  the  firft  Day  of  ^uiy  Month* 
we  muft  add  to.  it*s  Age  on  the  firft  of  January 
the  following  Numbers,  m,  for  February  2,  for 
March  o J  in.  conimon  Years,  and  1  in  Leap  Years, 
for  April  2,  for  May  3^  for  June  4,  for  July  5, 
ibr  AugufiS,  for  Septembers,  for  OHoberSy  for 
November  10,  and  for  December  10.  Thcfe  addi- 
tional Numbers  are  called  the  Numbers  of  the 
Mdhtbs. 

\  26.  From 


'  ^.  From  what  ha&  been.fa|4  jn  the  two  jaft 
Articles,  there  naturally  follows  this  Rule  for  find- 
ing the  Jgf  pf  the  Moon  on  any  Day,  of  a.givea 
ifear,  viz.  To  the  EpaSI  for  the; given  Year,  ;ad4 
the  Day  of  the  Month  and  number  pf  the  Monthr 
and  if  the  fum  be  |efs  than  30  it  i»  the  Age  of  the 
Mbon  required^  but  if  it  exceed  30  then  take  30 
from  it  and  the  Remainder  is  the  Mom's  Age. 

Exafpple.  Rec^ired  tl^t  Moe»*s  Age  on  (he 
l3PayofMi^y  1733.  : 

Firjl^  by:-4r/.  24.  I  find  the  Mp^^  for  that  Year 
to  be  25  to  which  adding  13  the  Day  of  the- given 
Month  and  3  the  Number  of  it,,  the  fum  is.  4J:  } 
from  which  taking  30  there  remains  1 1,  the  Mo^ff.s 
Age  on  the  giyen  Day. 

27.  Since  the  Moon  tzkc^  30  Days  from.one 
Conjun&ion  with  the  Sun  to  the  next  followingi 
'tis  plain  fhe  muft  be  15  Days  old^when  FuUj  and 
y\  when  in  the  firlt  garter  ;  and  22i  Days  old 
whe^  in  the  lad  Quarter.  Confequently  to  find  in 
any  Month  of  a  given  Year  the  Day  of  the  Moor^B 
Change^  and  when  Full^  and  when  in  either  ^^r? 
ter^  we  have  iKis'Rule^  viz.  Afiume  any  D^y.  of 
that  Month  at  Pleafure,  and  by ,  the  laft  ^.  find 
the  Age  of  the  Moon<>n  that  Day;  then  jf  it.be 
15  the  Moon  will  be  Fi^//  that  Day,  and  coi^nting 
*jh  Days  backwards  and  forwards  from  that  D^y, 
we'll  have  the  Tiifnes  of  the  firft  and  l^SL^arUrs^ 
and  by  counting  backwards  and  forwards  from  itt 
1 5  Days  we'll  have  the  Times  of  the  laft  and  next 
Change.  But  if  the  Age  of  th,e  Moon  be  greater 
then  15,  then  take  15  from  it  and  the  Reminder 
will  fhow  how  many  Days  has  run  finpe  lail  FuU 
Moon.  So  counting  thofe;  backwards  we'll  have 
the  Day  the  lafk  FuU  Moon  happen'd  on  \  and  by 
knowing  that  we  can  find  the .  Days  of  the  Cbangi 
and  either  garter  as  before-  Again,  if  the  Age 
of  the  Moon. on  the  afiumed  Day. bs  lels  then;  15^ 

then 
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then  take  that  froni  15,  and  the  Remainder  Will 
Ak^w  how  many  Days  are  to  run  till  the  next  Full 
Moon ;  and  therefore  counting  fb  many. forwards, 
we  will  have  the  Day  of  the  Full  Moon^  by  which 
we  may  find  die  Days  of  the  Change^  and  either 
garter  as  above. 

^  Example.  Required  the  Times  of  FullMoon^  JVJw 
Momy  and  firft  and  laft  garters  in  OSiober  1734. 
'-  Firft  J  I  affume  any  Day  at  Picture,  fuppofc 
the  tenth  of  that  Month;  then  by  the  laft  Jlrt.  I 
find  the  Moon's  Age  on  that  Day  to  be  24  Days, 
from  which  taking  15  there  remains  9,  the  Num- 
ber of  Days  fince  the  laft  Full  Moon  ;  therefore 
counting  fo  many  Days  backwards,  I  find  the  Full 
Moon  happens  on  the  firft  Day  of  that  Month,  and 
counting  yi  Days  forwards  from  that- 1  find  that 
the  laft  garter  happens  on  the  ninth  Day  ;  then 
jfi-om  the  firft  Day,  on  which  the  Full  Moon  hap- 
{>ens,  counting  1 5  Days  forwards,  I  find  that  the 
Change  falls  on  the  16  Day,  and  reckoning  yi  Days 
iforward  from  that,  I  find  that  the  firft  garter 
falls  on  the  twenty  fourth  Day. 

28.  When  the  Moon  is  in  ConjunSion  with  the 
Sun^  then  they  both  com^  to  the  Meridian  at  the 
fame  limej  but  the  Moon  moving  ftill  Eaftcrly 
with  a  Velocity  much  greater  th^n  that  of  the  Sun^ 
'tis  evident  that  when  the  Sun  comes  on  the  Meri- 
dian the  next  Day,  the  Moon  will  be  on  the  Eaft  fide 
of  if,  and  confequently  cannot  be  upon  the  Meri- 
dian till  fome  time  after  the  Sun ;  and  becaufe  fhe 
compleats  her  Revolution  in  30  Days,  therefore  in 
that  time,  the  difference  of  time  between  the  Sun 
and  Mooffs  being  on  the  Meridian  will  run  thro* 
the  whole  24  Hours :  and  hence  by  obferving  any 
Day  how  long  Time  the  Moon  takes  to  be  upon 
the  Meridian  after  the  Sun^  we  may  by  this  find 
the  Age  of  the  Moon  that  Day,  making  the  fol- 
JbWiiig  Propofition,*  viz.  As  24  Hours,  the  whole 
•* difference 
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Ljof)  Timet  i«'to  go  Days,  the  whole 
Number  of  Days  from  Change  ta  Cbangej  fo  is  the 
obferved  difference  ofTinie  on  any  Day,  to  the 
Days  run  fince  the  kft  Change,  or  the  Age  of 
the  MqqH  at  that  time.  :  , 

Example.  Snppofe  on^  any  Diiy  the  Moon  is  ob- 
ferved to  be  upon  the  Meridian  5  Hours  afcer  the 
Sun  \  Aequiced  the  Age  of  the '  Mom  at  that  time. 
Make  it,  as  2415  to  30,>  fo  is.^  to  6\\  confeqtient* 
ly  x)iit. Mwnj%  6i  Days  old  at  the  time  bf  obfer« 
vation.  .        * 

i9.'  Tht  Moon  moving  noiind  her  Orbit,  or  360 
Degrees,  in  30  Day^,  ihe  iXMifl:  move  12  Degrees 
in  I  Day;  but  iOnce* her- Motion  is  from  Weft  to 
Eiaft^  and  any  heavenly  Body,  15  Degrees  to  the 
Eaftward  of  another,  being  i  Hour  later  of  coming 
to  the'  Meridian  dian  that  gther  ;  therefore  making 
it  as  15*  Degrees  is  to;  i  Hour,  fo  is  1 2  Degrees  to 
f  of  aUc Hour,  or  48  Minutes;  we  find  that  the 
Moon  is  always  48  Minutes  later  of  coming  to  the 
MeHdian  any. Day  than  fhe  was  the  Day  before; 
and  b^ufe  fhe  comes  onthe  Meridian  at  the  fame 
Time^with  siic.Sim  ,on  the  Day  of  her  Change  ; 
tberefore'^lo  find  her  SoUtbeig^  or  time  of  her  com* 
ing  On'-the'Meridian,':iany  Dayv  wemufb  firft  find 
her  Ag^  (by  Art.  264  for  that  Day^  then  thia 
multiplied^  by  48,  will  give  the  Minutes  of  diffe* 
rence  of  rXinie.  between  >the.520{  and  Moon^s  cortim^ 
on  the  Meridian ;  wluch^  divided  by  60,  will  (how 
how  m^nyi  Ha|ns  .and  Minut<?s.tKe  Moon  is  later 
of  coming;  o)i  .the  Meridian  1  than  the  -Sun  ;  and 
cotmtingf  fomany  forwards  from  twelve  of  the  Day, 
wc  :have  tthe  'JTime  of  tlie  Moorfs  Southing.  If  the 
Hours tfithdri^inutes. found  ^. above  be  lefs  than 
12,  then  that  will  be  the  Time  of  the'  Moon*s 
Smthmgnpa^Wooni  but  if  .greater  than  12,  then  take 
X2  irom^iA^^and  the  Remainder  will  be  che  Time 
of  the  Moon's  Southing  in  the  Morning. 
-  ;  .  .•  :b  I  S  Example^ 
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*  Example.  Required  the  Time  of  thff  Mm^s 
Soutbifig  onthe  I2di  of  OSfober  ly^i^ 

Ftrjij  (By  Jrt^  26.)  I  find  the  Age  oFthc  Afco» 
that  Day  to  be  4  Days^  Which  mukiplied  by  48 
gives  192  Minutes,  for  the  difference  of  ITime  be- 
tween the  Sun  and  Moon^s  coming  to  the  Meridiaa 
chat  Day ;  and  this  divided  by  60  ffives  3  Hours 
and  12  Minutes;  which  being leis  uian  i2Hourst 
is  the  Time  of  the  Mocn^s  Southing  after  Noon. 

Example  2.  Required  the  Time  of  the  Mootfs 
Southing  the  2ift  Day  of  Ma'j  1733. 

'Ftrfi^  (by  Art.  26.)  I  find  the  Moon^%  Age  that 
Day  to  be  19  Days,  which  multiplied  by  48  gives 
912  Minutes,  the  diflSsrence  of  Time  between  the 
Sun  and  Moon^s  being  on  the  Meridian  that  Day* 
and  this  reduced  makes  15  Hours  and  12  Minutes ; 
from  which  taking  12,  there  remains  3  Hours 
12  Minutes,  which  fhews  that  on  the  21ft  of  May 
^733'  ^c  Moon  comes  on  the  Meridian,  at  12 
Minutes  paft  3  in  the  Morning. 

30.  It  was  faid  at  Art.  20..  of  this,  that  the  firft 
Year  of  the  Solar  Cycle  was  Leap  Tear ;  confequent- 
ly  the  fifth  muft  be  Leap  Tear^  and  the  ninth  muft 
alfo  be  Leap  Tear ;  but  the  Chriftian  Mr  a  com- 
mencing  on  the  tenth  Year  of  the  Solar.  Cycle^ 
therefore  the  firft  Year  of  that  was  the  firft  after  Leap 
Tear,  and  the  fourth  was  Leap  Tear^  alfo  the  eighth^ 
twelfth,  fixteenth,  &fr.  were  Leap  Tears  j  whence 
to  find  whether  any  propofed  Year  of  the  Chriftian 
jEra  be  Leap  Tear^-  or  how  many  it  is  paft  the 
laft  Leap  Tear ;  we  muft  divide  the  .propoiled  Year 
by  4,  and  if  nothing  remain,  then  the  propofed 
Year  is  Leap  Tear  ;  bu  t  if  any  thing  remain^  that 
will  (how  how  many  Years  has  paft  lince  laft 
Leap  Tear.  :   : 

.    Example.  Required  whether  the  Year  tf$o  be 
Leap  Tear^  or  how  many  fince  laft  Leap  Tear. 
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r  (Svid€  the  propofed  Year  1730  by  4,  and 
there  remains  2,  fo  I  conculde  that  the  Year  1730 
is  the  rec6nd  after  Leap  Year. 

31*  It  has  been  fhown  at  Art.  17.  of  this,  that 
to  every  Day  of  the  Year  there  is  annexed  one  of 
the  firft  feven  Letters  of  the  Alphabet,  beginning 
with  A,  which  is  always  annexed  to  the  firft  of 
January ^  afad  in  any  common  Year,  the  Letter  an- 
nexed to  the  firft  Sunday  oiF  January  is  called  the 
Dominicai  Letter  for  that  Year ;  but  eacJi  Leap  Tear 
having  two  Dominical  Letters  fby  Art.  ig.)  the  firft 
of  which  ferve«  from  the  beginning  of  the  Year 
to  the  twenty  -fourth  or  twenty  fifth  of  February^ 
and  the  other  for  the  reft  of  the  Year  5  confequently 
the  D^inical  Letter  ibr  any  conmion  Year,  will 
fhew  what  Iky  of  January  the  firft  Sunday  of  that 
Year  happens  upon,  reckoning  from  A  (which  is 
annexed  to  the  firft  of  January)  according  to  th? 
natural  Order  of  the  Letters,  and  in  any  Leap  Tear 
the  firft  of  it's  two  Dominical  Letters  will  fhew  what 
Dzy  ^January  the  Brti  Sunday  of  thzt  Year  fells  on, 
counting  from  A,  as  above;  thus  In  the  Year  1730, 
the  Dominical  Letter  is  D,  fo  counting  from  A,  viz^ 
making  A  one,  B  two,  C  diree,  and  D  four,  I 
find  that  tkt^^  Sunday  of  thkt  Year  falls  on  the 
fourth  Day  of  Januarys  arid  by  knowing  what  Day 
of  January  die  firft  Sunday  of  any  Year  falls  on, 
we  may  khdw  what  Day  of  the  Week  the  firft  Day' 
of  that  Year  falls  upon,  by  counting  fo  many 
Days  back '  fiH>m  Sunday  ;  thus,  fince  in  the  Year 
1730,  the  firft  Sunday  falls  upon  the  fourth  of 
January  ;  tbcr^ore  the  third  will  be  Saturday^,  thtf 
fecond  FnWtfy,  and  the  firft  ^hu^fday\  cdnfedueilt-' 
ly  the  Year  1730  begins  upon  Thurfday.  FrOm 
what  has  been  faid,  there  arifbth  the  following 
Rule  for  finding  what  Day  ^f  the  Week  any  Day* 
of  a  given  Year  falls  upon,  i;fe.  Find  the  Da/  of 
^p  Week  ^nfwcring  to  the  fipfk  of  January  that 
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Year ;  then,  add  togje^r  the  Days  contained  in 
c;ach  P^P^^i^  froixi  the  ^cginniAg  of  the  rXear  £6* 
the  Month  in  which  the  propofed  D^y  is^  ^nd  to 
this  add.  the  Day  of  the;  given  Montii :  ,ij^Mh '  ^^^ 
vide  thi$^  Sum  byi7y.  ar|d;if  nothings  retnaifH  then* 
the  Day  qf  the  Week, .  preceedinR  that  J>ay  which 
anfwcrs  tp  the  firft  of  7a»«^ry  thiati:  yi^jK^  «  the 
Day  anfwering  to  ,t|ie  ^i;opofed  Day  \-  l>ut  ijf  any 
thing  remain,  then  "^xownting  fa  ipany  <  forward 
Cbeginniiyg  with  that  Day,;  the  firft.oJF  7<ip«<?ry  falls 
onj  we  /hall  have  the  Day  of  the  Week,,-  the  pro- 
ppfed  Day  falls  upon.,  Note^ .  The  D^iys.  contained 
in  each  Month,  are,  as  .fpUowp,.  v/2}.  January  31, 
Pebruary'2S  in  comrapn  Years,  .  and .9^ in.  JUap 
Tears,  •  March  31,  ..y^/n7  3a,    AC?:ylgfy.;j£^<  3<^^ 

v,emhr.%fy,  Dj(;ember^i.     .     .      , .. ,  ,      >-  r,  -, 

^o^^fnpk-  Required  what  PayjQf  theW^  the^ 
eighth  of  7i^/>i73p.fallsjHi}pon<    :  .  -        '*  • 

FwA  Ry.^e  prcc^eding  RuhM  M^  ^rtifkx  I 
fin4  ;ifhjW7«h§  firft  ;Qf  ?a»«ary  1730  ialM  Jipon  a 
Sriw;/i^yi  theft  %p  the  Numbers,  3*1 ,,  Q^i  3 1  j  i^r 
3^9/3^  fa^Veriag^tq  tH»  clapf|xj  MffPths^  I  add  8- 
^6/ ply  {Qft^e  gives  Montis  »i4  :thc:Sum.i89 
divided  l>y,.7 » -■  .th«re  jfj^prwi^tftothingi .  Xa I  rcopdude 
tfcftt -thi?,  [m^hnfi^lfrifdq  falls  upon. a  mifnefday. 
..£¥H«¥>/t?;:2.:H^fed..what  Day-^  Ac  , Week, 

vBy:  iSfOGceiiwg  .as,  in  {he  ;lfift  EKampk^  :^I  find, 
after  Qiv^ifwMi-thfltt  5  Re  mains  j  and  (.the;  Tear,  be- 
girir»i?g;upon  a  JjJw^jt,  therefore  counting  Xbunf- 
4a^  I ^  Friday  a,:  gpd  S4PHfdaf  3,.  I  ii<Hi;that  the 
prppjcJie.diDay  falk  upp»  ,$aturj^yy.  .  '•  .  . 
.  .32;  According  tp  the  Diefcred  of  the  71^5^^  C/?«^- 
«/  fwblti>»  is..follpwtd  hj5  the  Cbyrqh>af  Mgl<^nd) 
thdj^t^^p  after. thje  fourteenth  Day : of .thw  Mf (?ii 
vbicbi.happe!ds  after-  the  ^twenty  fiirft  of  Match  inn 

clufiveiy,- 1,  ^...^w  Jit^  iQommcnceJwent, pf  thci 

,:..v  1    /  twenty 


twenty  firft  .of.  Mmh^  is  Ksfitr  Smisj.  And 
fince  the  f6urtieen[tK  Day  of  ^^i'MoouJ  or  ^hq 
Pafchal  Full  Mom .  .can .  never: » happ^i  before ;  iIm 
twenty  firft  of  Vi^a^f  A,  nor  aft^r  the  eighteenth  o^ 
jtprili  therefore  Eaftcr  Day  can  Jiever  happei\ 
foonei:,  than    th^  fecond  of  Marcby    nor 

later  than,  the  tjwenty  fifth  of  jipril.  .Now  to  fip4 
what. Day  of >Marvb<xr  Afril^.jEa&erpayfsiU^  up,^ 
on.  in, any  Year,*  wc,  have  from  the  foregoing  i^r^* 
tichs^  the* fdllowipg  Rule,  viz.  Firft j' (hy  4rt^  26;.} 
fin4  the  Agc^;of^.;thc  Moon  on  the  .twci^ty  firft  of 
Marcf?,  thatrXWi!/ ^'^d  if  ir  be  14,  tb^en  by  th4 
Uft  ^r#»f/^  fold  tier  Day.  of  the  Week' anfwering  tp 
it,  ?fld  the.5i(f4fy  fQlJpwing  is  Ea/ieKD^y  \  but  if 
die  .il^»*s  A^^v^nih^  twenty\firft  of .  iWirirA -b6 
noli  14,  then  reckon , fqrward  to.  the,  I^ay  in  which 
her  Age  is  14^ ,  art4  by  tb^  ,]^  j[irticU^  find  .the 
Day  of  the  We^l;-^fvsfering  to  that  Day,  and  rec- 
Ifpning  forward  ;to.  the  next  Stwday^.y^t.  ftall  have 
the  Day  required,    r  c      •  -  •  v 

r  Example.  Rqquir^d  when .  £ijj?^^.  ,2)^j^  happens  in 
the  Year  1730*;  .1  ,;f.  «  ^,    ':  .^  ./> 

jKr/?,  I.find.\(by.^r//  2^^^  the  Age  of  drj 

Moon  on  the  twenty  firft  of  Afor^i&' 1730,  is  ^5,1 
confequently  counting  1  forward j  J  find  that.:diq 
14  Day  of  thtJ^^Mf  or.  die:  Pafrbal  Full  Moon^ 
happens  on  the^wemyt fecond  Day, of Jk£ar  j  then 
(^by  :ArL  31^),  l-fiodi  thjit.the,  twenty  fecon4f  of 
M^rcb  1 730,1 ,  is  Sunday ;  therefore  counting  for* 
ipsratds  to  the  .next  .ijwtf^;;,  i«fhich  i&  ^^r  P^h  ii 
find ;  it  happens  9flf  die  twenty.  nu?th  ^  of;  March ^ 
Note^  In  i^4!p^2>^rj^*4nftead-©f  tfhe  tjyenty«  firft  of 
March  yop  ipuf^'ufethe  'twendetK;  becaufe  in'thefq 
^tjkn\  February  is  wrcafed  by*  i  Dayp,  .: 

•:  33L-  FfPW  ?het  Cy«^«  of  the  Sun  :and  Moon  (esf* 
plained  In  Jrt^i%  and  21,)  muklpUed  into  one 
^fipthef,  there'; arifes  another  Cy^i?  of  53a  (Years, 
dfjjied  ibp  Vihorian  Qx'Dion'^JianCyck^  from  Diony- 
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fiUi  it's  Author ;  aft*r  the  complcatmg  of  which, 
not  only  the  iVJw  Moom  and  ruU  Moons  return 
to  the  fame  Day  of  the  Month  nearly  •,  but  likewife 
the  Days  of  every  Month  return  to  the  fame  Day© 
cf  the  Week ;  and  corifequently  the  Dominical  Let* 
tersy  and  all  the  Moveable  Feajisy  return  in  the  fame 
Order :  whence  this  Cycle  is  called  the  Great  Paf^ 
chal  Cycle.  Now,  becaufe  the  Chriftian  Mr  a  com- 
menced on  the  457  th  Year  of  the  Cycle  \  there* 
fore  to  find  the  Year  of  the  Dionyftan  Period  for 
any  Year  of  the  Chriftian  Mra^  we  have  the  fol- 
lowing  Rule,  vi%.  To  the  current  Year  of  the 
Chriftian  Mra^  add  458,  and  divide  the  Sum  by 
532  ;  then  the  Quotient  will  Ihew  how  many 
Periods  has  paft  fince  the  beginning  of  that  in 
which  ^z  Chriftian  Mr  a  commenced,  and  the 
Remainder  will  Ihew  the  Year  of,  the  Dionyftan 
period  aniwering  to  the  given  Year, 

Example.  Required  the  Yeiar  of  die  Dionyftan 
Period  J  for  the  Y^zv  oi  Cbriftij^^. 

Ftrfty  I  add  to  1733  the  Number  457,  and  the 
Sum  is  2190  J  then  I  divide  this  by,  532,  and  the 
Quotient  is  4,*  and  Remainder  62 ;  confequently 
there  has  paft  4  Dionyftan  Periods  fihce  the  begin- 
ning gf  that  in  which  the  Chriftian  Mra  commenced, 
and  die  given  Year  is  the  62d  of  the  €«rr^/  Cycle. 

34.  Be  fides-  the  Cycles  of  the  Sun  and  Moon^ 
there  is  another  Cyde  confifting  of  15  Years, 
i;alkd  the  Cycle  of  IndiSlionj  which  hath .  no  con- 
nexion with  the  Celeftial  Motions,  and  which*  was 
niade  ufe  of  by  the  Romans  fot  fome  Civil  Pur- 
pofes,  and  is  uill  iiftd  by  the  'Popes  of  Rome  in 
their  Bulls  and  Diplomas.  The  Year  before  the 
Birth  of  Chrift  was  the  third  Year  of  this  Cyete  s 
and  confeqiienriy  to  find  the  Year  of  IndiSlion  for 
any  Year  in  the  Chriftian  Mra^  we  have  this  Rule,' 
vfe.  po  the  given  Year  add  3,  jind  divide  the  Sum 
^  .    b^ 
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by  15,  theii  if  tiiere  be  no  Remainder,  die  given 
Year  is  the  fifteenth  of  the  In££Hon  $  but  if  there 
be  any  Remainder  that  will  (hew  ^diat  Year  of  the 
In££ium  the  given  Year  is  i  and  the  Quotient  will 
ftew  how  many  compleat  Cycles  (f.indi£Hon  has.' 
paft  fince  the  firit  Year  of  that  in  which  the  Cbri* 
JHan  Mra  commenced. 

Example.    Required   the  Year  of  In&Bion^  for 
the  Year  1733  of  die  CbriJHan  Mra. 

'Firfi^  I  add  3  to  the  given  Year,  and  die  Sum 
is  1736  ;  then  I  divide  this  Sum.by  15,  and  the 
Quotient  is  115,  and  Remainder  II.  Confequent^ 
ly  there  has  been  115  compleat  Cycles  of  btdiSlion 
from  the  firft  Year  of  that  in  which  the  Cbriflian 
Mra  commenced,  and  the  Year  1733,  is  the  iith 
Year  of  InJ&Stion. 

35.  From  the  Multiplication  of  the  three  Cycles^ 
viz.  the  Solar  of  28  Years,  the  Lunar  of  19,  and* 
that  of  In£3ion  of  15  ;  arifes  a  Period  of  7980 
Years,^  called  the  Great  Julian  Period.  This  i» 
fuppofed  to  have  begun  764  Years  before  the  Crea^ 
tiom  of  the  fFbrU,  and  is  not  yet  compleated ;  con- 
fequently  it  muft  comprehend  all  the  A6bions  that, 
has  happened. from  the  beginning  of  the  World  i» 
and  fince  the  Year  before  Chrift  was  the  4713  th 
Year  of  this  Perbd^  therefore  to  find  what  Year 
of  the  Julian  Period  any  current  Year  is,  wie  mulL. 
to  the  given  Year  of  Chrift^  add  4713,  and  the. 
Sum>  will  be  the  required  Year  oi^t  Julian  Periods 
:  Example.  Required  what  Year  of  the  Julian 
Period  anfWers  to  the  current  Year  of  Chrift  1734.. 

To  the  given  Year  1734,   Iadd:47i3,  and  the 
Sum  6447,  ihews  that  ihe  current. Year  of  Chrifi 
i^g4,'  is  the  6447Lh  Year  oi  th^.  Julian  Period. 
:  '^SijAs  tiu the  Heavens,   there  are  certain  Points. 
JStamt which  Aftrommeri  begin  their  Computations; 
fpilikewife  thefe  are  certain  Pointaof  Time,  from, 
vhichj.as  Roots^  C^molQgicalComip\jil2X^ns  bcgiat. 
.a  and 


suid  an  mepiorablc  Aftions  are  itcdrded  by.  JSfhA 
rians  accotding  to  the  Sene$;  fHf  i  Yei^rs  following 
thefe  Rootsi^  or  fixed  Pointy  of  Time,  wfaidr  are 
dalkd  Epocbas  or  jEras. .  Th^  inoft  celebrated  and 
beft  known  to  us,  is  the  Cbrjflt^n.jEra^  whidi 
commenced  on  the  &r&  ^  Jdwir^^  Jmmediacely. 
jfollowing  the  birth  of  Cbrift.' 

37.  The  vmoft  •Ancient  jB^&s^^uis  that  of  the 
Creation  of  the  World;  Which. Con^menced  395a 
'  Years  biefdre  Qbrijk  The  ncxe»tadiis  is  that  of 
the  Dduge^  nwrhich  .began  .295^  .Yeirsj  before  Cbrift^, 
TJien  follows  the  Epocha  of  ihfi^Qlyn^iddSy.'Mkich 
was  the  moil  ancient  and. famous; ^/^o^i^i;  among 
the  Greeks  J  and  other  JSafier'H  -NaPidfis  \  eiich  Qlym-* 
pud  contained  4.  Years,  ind  !^ey  had  their  Rife 
fronx  certain  Games  that  were  celebrated  by.  the 
Grecians  every  fourth  Year  5 :  in '  hon6ur  of  Jupiter 
Oljmpius^  which  were  called  Qlympiok  Games.  The 
heginnii^ '  of  this  Epocba^  is  Tappofed  to  have 
been  on  the  777th  Year  before  Ghrijl^  and  in  .the 
3936th  Year  of  the  Julian  Feriod.  .  The  next  £- 
pacbay .  is  that  of  the  Building:  of  Rome^  which  be- 
gan about  the  End  of  the  third  ^Y^ar .  of  dit^. Sixth 
Ofympaidj  754  Years  before  Gbrifij '  and  in^«  the 
3959  th  Year -of  the  Julian  Period^,  Then  follows 
the  jEra  of  Nabanajfar  King  of  Bab^on^  fvoxcv  the 
beginning  of  whofe  Reign  it  commenced.  This 
jEra  is  famous  among  Aflrm(mtrs\  being  ixiade 
ufe  of  by  Ptolemy y-Mbatefftus^  &fr.  as  a: proper 
jEra  for  computing  the  Motions  of  the  Celellial 
Bodies  from.  It  began  according  to  P/(^i^i»y^  oh 
the  fourth  of  the  Kalends:  of .  Marchy  747  Years 
before  Cbrifly  in  the  3966ch.  Year  of  the  JuHok 
Periodj  and  in  the  feventh  Ydar  after  the  bisild4 
ing  of  Romej  and  in.  the  /fedond'Year  of  the 
eighth  Olympaid.  The  next  is  the  Efocha  of  if* 
laxander  tbe  Greats  which  commtmced  at  his  Death^t 
and  this  happened  about  the  iniddle  t>f  the  Springs 

in 
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in  the  firft  Year  of  the  114th  OlympaUy  3^4  Years 
before  Cbrift^  in  the  4390th  Year  of  the  Julian 
Period^  and  in  the  4a4th  x  ear  of  the  jEra  ofNabo^ 
najfar.  There  are  fcveral  other  Epocbas  befides 
thefe  already  mentioned  of  lefs  note,  which  I  fhall 
pafs  over,  it  not  beii^  the  Defign  here  to  give  a 
particular  Defcription  of  all  the  Epcbas  znd  their 
feveral  Ufcs,  but  only  to  give  a  general  Account 
of  the  moil  remarkable  among  them. 

38.  Smce  by  the  Rotation  of  the  Earth  about  it's 
Axis,  the  Moon  appears  to  move  quite  round  from 
Eaft  to  fTeJl  in  24  Hours ;  therefore  in  that  Time 
fhe  muft  paft  over  all  the  Points  in  the  Compafs^ 
and  lb  muft:  move  from  one  Point  to  the  next 
fucceeding  in  45  Minutes.  Confequently  in  moving 
from  the  North  Point  to  the  Souths  fhe  muft  take 
1 2  Hours,  and  from  the  Noriby  to  the  N  i  E, 
or  from  the  South  to  the  S  J  W  45  Minutes ;  alfo 
from  the  North  to  the  N  N  E,  or  from  the  South 
to  S  S  W,  I  Hour  30  Minutes  i  and  fo  on  as  in 
Che  following  Table. 


Points 


N 

N  ^  E 

NNE 

NE  ^  N 

N  E 

NEi  E 

ENE 

E^  N 

E 

E  ^  S 

ESE 

SE  ^  E 

SE 

SE  ^  S 

SSE 

S  ^  E 


XT7 


m 


12     79 

o  „ 

I     S» 

•  3  »» 

3 

4 

6 

7 
8 

9 

9 
10 

ti 


99 
99 

99 
99 
99 
'99 
99 
99 


00 

45 
30 

«5 

00 

45 
30 

15 

00 

45 
30 

15 
00 

45 

30 

_1L 


Points 


S 
S  ^  W 
S  S  W 

s  w  ^  s 
sw 

SW  hW 

wsw 
w  ^  s 

w 

W  ^  N 
WNW 

NW  6  W 
N  W 

NW  3  N 
NNW 
N  ^  W 


39.  Th* 


2 


f 
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39,  The  Flux  znd  Reflux j  or  Ebidng  and  Flmiftg 
of  the  Seas,  does  conftantly  refpedt  rfie  Motion  of 
the  Moon^  and  in  every  place  when  the  Moon  is  on 
a  certain  Point  of  the  Compafi^  or  at  a  certain 
Diftance  from  the  Meridian,  it  is  then  High  Water 
at  that  Place ;  and  fince  flie  is  twice  at  the  fame 
Diftance  from  the  Meridian,  or  in  two  oppofite 
Points  of  the  Compafs,  in  her  diurnal  Motion  3 
therefore  in  moft  places  there  is  a  double  Ebbing 
and  Flawing  in  a  little  more  than  ;24  Hours..  There 
has  ,been  found  by  Obfervation,  for  the  moft  re- 
markable Coafts,  the  Points  on  which  the  Moon 
is  when  it  is  high  Water  in  each  of  them  j  as .  in 
the  following  Table. 

jl  Table  of  the  moji  remakaUe  Sea  CoaftSy  in  an  AU 
phabetical  Order '^  Jhewing  in  each  of  them^  the 
Points  of  the  Compafs,  the  Moon  muft  be  on^  when 
it  is  high  Water* 


A. 

AT  Abarwark,  E  N  E  and 
.  WSW. 
At  Abermerick  and  Antwerp^ 
E  and  W. 

At  Alborough,  S  E  ^  S>  and 
NWiN.. 

At  Amfterdam  and  ArmentieSy 
NE  andfsW. 
At  Army,  NNE,  andSSW. 

B. 

At  Beachy  and  Blacktail,  and 
before  the  Race  of  Bianquety 
N  and  S. 

At  BUckmfs  in  Bluet,  at  Bell 
IJle,  NNE,  and  S  S-W. , 

Without  Bluet,  and  at  S^r- 
v)ick,  NE^N,  andSW^S.  ' 

At  the  River  Bourdeaux,  the 
South  Coaft  of  Britaigney  the 
Coaft  Q^Bifcay,  ind'UJS^inif/f, 
N  E,  and  S  W. 


At  Brejl,  before  the  Baft, 
the  River  oi  Bourdeaux  within 
the  Haven,  N  E  ^  E,  and  S  W 
iW. 

In  the  Breefound,  Bky,  Bal- 
timore, EN E,  and  W  S  W. 

Before  Bremen,  and  at  Black- 
niy,  and  in  the  Channel  before 
Bourdeaux,  E  and  W. 

At  Briigewater,  E  S  E,  and 
WNW. 

At  Briftol  Keys  E  ^  S,  and 
W^N. 

At  Bullen-deep,  S  S  E,  and 
NNW. 

C 

Before  the  Haven  of  Caen,  in 
the  Chamber,  between  Cripple* 
/and  and  the  Creyl,  and  at  CuU 
hot,  S  ^  E,  and  N  ^  W. 

At  Caldy,  and  in  the  Bay  of 
Carnarvon,  Eb  H,  And  W  ^  S. 

Without 
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Without  Calais^  at  Carpns 
Cbrijli  Pointy  before  and  at  Cam- 
fer,  N  N  E,  and  S  S  W. 

Between  Calais  and  Dovtr^ 
)}efore  Conquety  and  at  the  N. 
Cape,  N  E,  and  S  W. 

At  the  Caskets,  and  at  Cham- 
hernejs,  S  E  ^  S,  and  N  W  i^  N. 

Between  Guernfey  and  the 
Caskets,  ^  before  Cromer,  before 
|hc  Caskets  at  Qufrnfey^  at  ^e- 
venCUfts,  ^^uCatnefs,  SE, 
ijnd  N  W. 

Ip  tKe  Chainbpr  of  J?y^,  N  i 
E,  and  S  ^  W. 

Without  the  Caskets,  in  the 
Channel,    S  E  3  E,  and  N  W 

At  Concalo,  E  and  W. 

In  Coniado,  N  and  S. 

At  Cork,  Calais,  Q^^pt  Clear, 
and  in  the  Creeks  E  N  £,  and 
W  S  W.    ' 

hX-Catos,  intheFofs  ofC/i^», 
in  Calais  Road,  and  in  Chamber- 
ftefs  Moad,  S  S  E,  an4  N  N  W. 

D. 

»         

At  Dartmouth  E  and  W. 

At  Diep,  J)over9  and  in  the 
Downs,  S  S  E,  and  N  N  W. 

At  Dover  Fiery  and  before 
Dunkirk,  N  and  S. 

At  Denbigh  and  Do^ns,  in 
the  Road,  N  E  ^  N,'"and  S  W 

At  DuB/in,   S  E  3  E,    and 

:f^  w  ^  w. 

At  Punhar,  S  E,  and  N  W. 

At  Dungenefs  and  Dunnofe, 
S  E  ^  S,  and  N  W  ^  K 

At  Dungerfan,  E  ]p^  E,  and 
W  S  W. 

E. 

At  Edam,  NNE,  ai^d  SSW. 

At  Emden,  before  the  Ehe, 
before  the  Eyder,  a^d  before 
EucbufuTSy  N  and  S. 


Before  the  jEtf^^r»  and  We£ 
tern  Ernes,  and  EngemontSy  S  &» 
and  N  W. 

F. 

In  the  Fair  IJle  Roads,  and 
at  the  North  Foreland,  S  ^  E, 
and  N  i  W. 

At  the  Frith,  and  at  the  5. 
Fw/tf/»^,  S  S  E,  and  N  N  W. 

Before  the  Fen,  in  the  Chan- 
nel, N  N  E,  and  S  S  W. 

hxFlamborough  zxA  Brad  ling* 
tony  N  E,  and  S  W. 

On  the  Coaft  of  Flanders,  N 
and  S. 

Without  the  Banks  of  Flan- 
ders,  N  E,  and  S  W. 

At  Flujhingy  NbEy  and  S 
^W. 

Without  Fountneyy  N  E^  N, 
and  S  W  ^  S. 

At  the  Forny  in  Foy,  at  Pal- 
mmth,  E  ^  N,  and  W  ^  S. 

Without  the  Fly,  SEiE; 
andNW^W. 

-  Before  the  Coaft  of  Frize^ 
landy  and  the  FA,  £  S  £,  and 
WNW. 

Between  Foy  and  Falmouth, 
in  the  Channel,  and  at  Foulnefsy 
E^S,  W.^N. 

At  Frizfy  and  the  Fair  Ifle^ 
N  W,  and  S  E. 

G. 

In  the  Road  of  Gibralter,  at 
Graveling,  and  before  Cher- 
burgh,  N  and  S.. 

Before  Goree^  at  Guern/ey, 
and  at  Gravejendy  N  N  E,  and 
SSW.^ 

At  Grw;»,  at  Gafcoign,  and 
the  Cqaft  of  G/xZ/Vw,  N  E,  and 
S  W. 

Thwart  of  Guernfiyy  in  the 
Channel,   SE^S,    and  NW 

T  z  Befairf 


J 
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It 

Before  Hamburgh,  at  UulU 
at  the  Holms,  and  before  Hum- 
her's  Moutb,  E  and  W.I 

At  Hampton  Key,  before  the 
Hevif,  before  Horn,  N  and  S. 

At  Harlem,  Havre  di  Grace, 
and  Homeheai,  S  E,  and  N  W. 

Before  Hartlepool,  N  E,  and 
SW, 

At  St,  Helens,  at  Harwich,  and 
without  the  Banks  of  Harwich, 
S  S  E,  and  N  N  W. 

At  Humher,  E  ^  N,  and  W 

Under  Hol'f  IJland,  and  at 
Horn,  N  N  E,  and  S  S  W. 

At  Huntcliff'Foot^  N  E  ^  E, 
andSW^S. 

L 

In  all  the  Havens  on  the  S, 
Coafts  of  Ireland,  E  3  N,  and 
W^S. 

On  the  Weft  Couft  of  Ire- 
land, N  E,  and  S  W. 

At  Jutland  IJlands,  N  and  S. 


•^ 


K. 


At  Kelliers,  N  E,  and  S  W. 
At  Kentifl?  Knock,  N  and  S. 
At  Kilduyn,  E  S  E,  and  W 
N  W. 

At  Kildrive,  S  E,  and  N  W. 
At  Kingfale,  E  N  E,  and  W 

At  LamBay,  S  £  ^  E>  and 
NWiW. 

At  Leith,  N  and  S. 

At  Lynn,  E^S,  andW^N. 

At  Liibon,  NEiN,  and 
SW^S. 

At  the'  Lixard,  by  the  Land, 
E  S  E,  ind  W  N  W. 

Ac  Leoftoff,  and   thwart  of 


it  without  the  Banks^  S  E  ^  S^ 
and  N  W  3  N. 

In  Leoftoff  Road,  and  Long' 
fand  Head,  S  S  E,  and  NN W. 

At  London,  N  E,  and  S  W. 

At  Londey,  E  and  W. 

Thwart  of  L«r^^,  and  before 
Lynn,  E^N,  and  W^S. 

M. 

Within  the  Maes,  at  Maiden, 
N^E,  andS^W. 

Before  the  Maes,  and  before 
St.  Matthews  Point,  N  E  ^  E, 
andSW^W. 

In  St.  Magnes  Sound,  and  at 
the  Magnes  Caftle,  SE^E, 
andNW^W. 

At  the  IJle  of  Man,  S  E,  and 
NW. 

Before  -Margate,  S  ^  E,  and 
N^W. 

In  Milford,  at  Moonlefs,  at 
St.  Makes,  E  *  N,  and  W  iJ  S. 

Between  Moufehole  and  Fal- 
mouth, and  in  Milford  Haven, 
ESE,  andWNW. 

In  Moufehole,  at  St.  Mat- 
thews, and  within  Mounts  Bay, 
ENfi,  andWSW. 

N. 

Between  the  Naxe,  and  War- 
head of  Lower,  S  3  E,  and  N 
^W. 

Before  the  River  of  Nants, 
NE.  andSW. 

At  the  Needles,  at  the  Ifle  of 
White,  S  E^E,  and  N  W^W- 

At  Newcaftle,  E  ^  N,  and  W 

At  Newport,  half  Tide,  N 
andS. 

At  the  Weft  End  of  the 
Nore,  N  ^  E,  and  S  ^  W. 

Befoce  St.  Nicholas,  E  ^  S» 
and  W  i  N. 

All 
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AH  tke  Coaft  of  Normandy  ^ 
and  Picardj,  S  S  E,  and  N  N  W. 

.    Q. 

At  Orforinefs,  SE^S,  and 
NW^N. 

At  Orfordnefsi  without  the 
Banks,  and  between  Orford  and 
OrmeU'Wavts^  S  S  E,  and  N 
NW. 

At  Offbrdnefsy  within  the 
Sands,  S  ^  £,  and  N  ^  W. 

At  Orknefs,  N  E,  and  S  W. 

At  Orkney^  S  E,  and  N  W. 

P. 

At  St.  PdM^s  in  the  Haven, 
E  and  W. 

At  the  PeftJt  Fortius,  and 
Pffiau,  N  E,  and  S  W. 

In  Piymoutb,  and  before  St, 
PauPs,  E^N,  andW^S. 
,  Thwart  of  FAfflr(7»/i&,  ESE, 
and  W  N  W. 

Before  Podeffmek^  E  i  S,  and 

At  the  Race  of  Portland, 
SE,  andNW. 

At  Port/moutb,  half  Tide,  N 
andS. 

At  ^tenborougb,  N  and  S. 

S. 

In  the  Sieve,  between  Vfiam 
and  SciUy,  at  the  Sbooe,  at  the 
Spitt,  at  Soutbampton^  and  all 
long  the  Sf9in,  N  and  S. 

Upon  the  Coaft  of  Spain, 
2nd  in  Sbet/and,  N£,  andSW. 

At  SciUy,  in  the  Sonnd,  Star- 
hurgb,  zndax  Staples,  NEiE, 
andSW^W. 

At  Seven  IJle's,  without  the 
Haven,  in  the  Broad  Sound, 
ENE,  andWSW. 

At  the  Mouth  oi  Severn,  be- 
Iween  Sally  and  the  Lizard, 


at  the  Spurn  and  Stoekton,  E 
3N,  and  Wis. 

Without  Scilly,  in  the  Chan- 
nel, and  Saleoml,  £  and  W. 

At  Sedmoutb,  and  at  the  Start,. 
E  i  S,  and  W  i  N. 

Off  the  Start  in  the  Chan-* 
nel,  E  S  E.  and  W  N  W. 

Within  the  Seyn,  and  before 
Sbelbergbj  and  at  Seven  Clifts, 
SE,  andNW. 

At  Sboram,  S  E  3  8,  and 
N  W  3  N. 

At  Seyn  Head,  SSE«  and 
NNW. 

T. 

Within  Tervere,  N  3  E,  and 
SiW. 

•Before  Tervere,  before  the 
River  of  Tbames,  and  at  7/JV- 
moutb,  NNE>  andSSW. 

Be^re  the  Tres,  and  Tin- 
moutb,  before  the  Bay  of  7/0* 
moutb,  N  E,  and  S  W. 

At  the  Clifts  of  the  Texel, 
ENE,  and  WSW. 

In  Torbay,  and  before  the 
Texel,  E  and  W. 

In  the  Road  of  the  Texel,  B 
S  E,  and  W  N  W, 

At  Torgon,  SE3S,  andN 
W3N, 

U. 

Before  Urek,  N  and  & 

At  U/e,  N  E,  and  S  W. 

Between  UJbant,  and  the 
Main,  NE^E,  and  S  W  i  W. 

^/.  r<r//if ry,  S  S  E,  and  N  N 
W. 

W. 

At  Winebelfea,  N3E,  ai»d 
SiV/. 

At  the  Weilings,  and  from 
the  Weft  End  of  the  IFigbt, 
NNE,  and  S  S  W* 

Before 
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Before  i\i(i Weilings,  NE^ 
N,  and  S  W  iJ  S. 

At  Whitby,  N  E,  and  S  W. 

In' the  Sea  o^  Wales y  and  5^- 
ttfr;?,  E  N  E,  and  W  S  W/ 

In  Wales,  E^N,  and  Wi^S. 

At  /ifV//j,  at  Weymouth f  and. 
at  Waterford,  E  and  W. 

At  Weymouth  Kfy,  £43,  ^nd 

At  the  iV/f/},  by  Wierii^ghen^ 

Jt  Winunton,    E  S  E,  and  W 

Thwart  the  ^^j/^^if^/^/,  in 
the  Channel,  ail  within  the  IJle 
6f  Wight,  between  the  IJIe  of 
Wight,  and  Beacb%  by  the 
Shore,  SE^E,  andfNW^W. 
■  "  At"  the  Eaft  End  of  Wight^ 


and  pn  Wierington  FJais,  *S  £ 
andNW. 

Y. 

Befor?74rr/w^«/^,  NNE,  and 
SS  W. 

•  At  Youghall,  E  N  E,  and  W 
S  W. 

At  Tarmouth,  S  E  ^  E,  and 
N  W  ^  W. 

|n  Tarmouth  RoaJ0  in  Tar^ 
mouth  Hav^n^    S  S  E,    and  N 

z. 

On  the  Coaft  of  Zealand,  N 
N  E,  and  S  S  W, 

In  the  Ziercek  Sea^  N  E,  an4 
S  W,  ^ 


40.  By  knowing  the  Point  of  the  CompafSy  the 
Moon  is  on  when  it  is  high  Water  at  any  place,  we 
know  by  Jrl,  38.  .tl>e  Time  fhe  takes  to  move  from 
the  Meridian  to  that  Point ;  and  fmce  we  can  find 
by  ^rt.  29.  the  Time  of  the  M(7(?«*s  coniing  on  the 
Meridian  any  Day  ;  therefore  to  fiAd  the  Time  of 
high  Water  at  any  place,  and  on  any  Day,  wc 
have  this  Rule,  viz.  To  the  Hours  and  Minutes 
of-the  Moonh  Southing  (found  by  j^t,  29.)  add  the 
Hours  and  Minutes  ahfwering  to  the  Point  of  Flow- 
ing (found  from  the  Table  of  Art.^i,)  die  Sum 
is  the  Time  of  full  Sea  required ;  countingfrom 
Noon  or  Midnight 

Example.  Required  the  Time  of  High  Water  at 
J^rifiol  Key^  on  die  tenth  of  May  1 73 1 . 

Firji^^  By  Jrt.  29. 1  find  the  Moan  comes  on  the 
Meridian  that  Day,  48  Minutes  paft  12  at  Night, 
then  becaufe  by  the  Table  in  the  lafl:  Article^  the 
Moon  muft  be  on  the  E>  S,  or  W  ^  N  Point  of 
the  Compafs  before  it  be  high  Water  at  BriJiol\  and 
fincc  by  the  Table  at  Art.  38.  flife  takes  6  Hours,^ 

,  45  Minutes, 
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4§  Minutes  in  moving  from  the  Meridian  to  either 
of  thefe  Points  \  therefore  to  the  48  Minutes  be- 
fore found,  I  add  6  Hours,  45  MinMEes^  and  the 
Sum  is  7  Hours,  33  Minutes  in  thejH|^ng,.  the 
'Time  of  full  Sea  at  hrijlol^  for  the  I^Hp-opofed, 
which  is  alfo  the  Time  at  Night,  when  it  is  full 
Sea  agaiq,  that  Day. 


SECT.    VI. 
Concerning  the  Log-Line^  ^^^^  Compafs* 

1.  rri  H  E  Method  commonly  made  ufe  of  for 
X    meafuring  the  Ship's  way  at  Sea,  or  how 
far  Ihe  runs  in  a  given  fpace  of  Time,  is  by  the 
Log-Une^  and  Hdf-Minute  Glafs, 

2 .  The  Log  is  a  flat  piece  of  Wood,  in  Ihape 
like  a  Flounder^  having  a  piece  of  Lead  faften'd 
to  it's  Bottom,  which  makes  it  fland  or  fwim  up-^ 
right  in  the  Water ;  to  this  Log  is  tied  or  fattened  a 
long  Line,  which  is  called  the  Log-Line  •,  and  this 
is  commonly  divided  into  certain  Spaces,  each  ot 
which  is,  or  ought  to  be,  fuch  a  proportional  Part 
of  a  nautical  Mile  (60  of  which  make  a  Degree  of 
a  great  Circle  on  the  Earth)  as  half  a  Minute  (the 
Time  alio w'd  for  the  Experiment)  is  of  an  Hour. 

3.  Thefe  Spaces  are  called  Knots y  becaufe  at  the 
End  of  each  them,  there  is  a  piece  of  Twine  with 
Knots  in  it,  inreeved  between  the  Strands  of  the 
Line^  which  flicws  how  many  of  thefe  Spaces  or 
Knots  J  are  run  out  during  the  half  Minute.  They- 
commonly  commence  or  begin  to  be  counted,  at 
the  diftance  of  about  10  Fathom,  or  60  Feet  from 

.  the  Log  ;  that  fo  the  Log,  when  it  is  hove  over  ^ 
Board,  may  be  out  of  the  Eddy  of  the  Ship's  ff^ake 

before 
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before  diey  begin  to  count,  and  for  the  more  reldjr 
difcovery  of  this  Point  of  Commencement,  there 
is  con()moi4y  faftened  at  it  a  piece  of  red  Rag.  . 

4.  Thitit^  being  thus  prepar'd,  and  hove  over 
Board  from  Ihe  Poop^  and  the  Line  veer'd  out  (by" 
the  hplp  of  a  Reel,  that  turns  ealily,  and  abouc 
which  it  is  wound)  as  fail  as  the  Log  will  carry 
it  away,  or  rather  as  the  Ship  fails  from  it,  will 
ihew  according  to  the  Time  of  veering,  how  fs^ 
the  Ship  has  run  in  a  given  Timej  and  confe- 
quently  her  rate  of  failing. 

5.  A  Degree  of  a  MeriSanj  which  is  a  great 
Circle  on  the  Earth,  .  according  to  the  exadeft: 
Meafures,  contains  about  69.545  Englijh  Miles  ; 
and  each  Mile,  by  the  Statute  being  5280  Feet, 
therefore  a  Degree  of  a  Meridian  wlU  be  abouc 
367200  Feet ;  whence  the  /b  of  that,  viz.  a  Mi- 
nute, or  Nautical  Mile,  muft  contain  6i2oftandard 
Feet;  confequently  fince  i  Minute  is  the  lio  pafc 
c^  an  Hour,  and  each  Knot  being  the  fame  part 
of  a  noutical  Mile  (hy  Art.  2.)  it  follows,  that 
each  Knot  will  contain  the  lio  part  of  6120  Feet, 
viz.  51  Feet.  . 

6.  Hence  it  is  evident,  that  whatever  number 
of  Knots  the  Ship  runs  in  half  a  Minute,  the  fame 
number  of  Miles  fhe  will  run  in  one  Hour  ;  fup- 
pofing  her  to  run  with  the  fame  Degree  of  Velo- 
city during  that  Time ;  and  therefore  it  is  the 
general  Way  to  heave  the  Log  every  Hour,  to 
know  her  rate  of  failing  ;  but  if  the  force  or 
dire£tion  of  the  Wind  vary,  and  not  continue  the 
fame  during  the  whole  Hour,  or  if  there  has  been 
more   Sail  fet,    or  any  Sail  handed,    that  fo  the 

•  Ship  has  run  fwifcer  or  flower  in  any  part  of  the 
Hour,  than  fhe  did  at  the  Time  of  heavins  the 
Log  ;  then  there  muft  be  an  Allowance  made  ac- 
cordingly for  it,   and  tjbis  muft  be  according  to 

the  difcretion  of  the  Artift, 

7*  Some- 
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7.  Some tifties  when  the  Ship  is  before  the  Wind, 
and  th^re  is  a  great  Sea  fettilig  after  her,  it  will 
bring  home  the  Log^  and  confequently  the  Ship 
will  fail  fafter  than  is  given  by  the  Log.  In  thi$ 
Cafe  it  is  ufual,  if  there  be  a  very  great  Sea,  to 
allow  one  Mile  in  ten,  and  lefs.  in  proportion,  if 
the  Sea  be  not  fo  great.  But  for  the  generality, 
the  Ship's  Way  is  really  greater  than  that  given 
by  the  Log\  and  therefore  in  order  to  have  the 
Reckoning  rather  ^before  than  behind  the  Ship, 
(which  is  the  fafeft  way  j  it  will  be  proper  to  make 
the  Space  on  the  Log' Line  l^tv^ttn  Knot  and  Knot^ 
to  condil  of  5oFeet  inftead  of  51.  Some,  upon 
the  Suppofitibn  that  60  Miles  makes  a  Degree  on 
die  Meridian,  make  the  Diftance  between  Knot 
and  Knot  42  Feet ;  when  ^at  the  fame  time,  by 
common  experience  they  arc  oblig'd  to  leffen  the 
Half'Mtnute-Giafs  by  near  6  Seconds,  making  it  to 
run  only  24  Minutes  nearly  ;  which  plainly  is  cor- 
reding  one  miftake  by  another., 

8.  If  the  Space  between  Knot  and  Knot  on  the 
Log-Line  ihould  happen  to  be  too  great  in  pro- 
portion to  the  Half-Mimte-GlafSj  viz.  greater  ths^n 
50  Feet ;  then  the  DiftanCe  given  by  the  Log^  will 
be  too  ihort,  and  if  that  fpace  be  too  fmall,  then 
die  Diftance  run  (given  by  the  Lo^  will  be  too 
great ;  therefore  to  find  the  true  Diftance  run  in 
either  Cafe,  having  mcafured  the  Diftance  between 
Knot  and  Knot^  we  have  the  following  Proportion, 
viz.    • 

As  the  true  Diftance  50  Feet,  is  to  thcmeafured 
Diftance,  fo  is' the  Miles  of  Diftance  given  by  the 
Logy  to  the  true  D^ance  in  Miles  that  the  Ship 
has  run. 

Example  i.  Suppofc  a  Ship  runs  at  the^  rate  of 
6%  Knots  in  half  a  Minute,  but  meafqring  the  fpace 
between  Knot  and  KnoP^  \  find  it  to  be  s^  ^^^^ » 
Required  the  trae  Diftance  in  Miles. 

U  Making 
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Making  it  as  50  Feet\  h  to  ^S.F^jly  lb  is  6,25 
knots  to  7  Knots ;  I  find  that  the  t!ruc  fate  of  fail* 
ing  is  "j  MilesVin  the' Hour!  .;;»  ,    ;  •  . 

Example' 2.  5uppofe  a^Ship  ryns  at  ^^^^^ 
Knots  in  lialf  a  MinuteV  but  riicafiiapg  the  fpaee 
htVNttnKnot  arid  i5/fl/.,  I  find  it  to  be  only  44 
Feet :  *  Requireci  the  true^  rate  of  failing. 
\  Makirig.it  as  '^6  Feet y  is  to  -^Feet^  i0 M.S,^ 
KnotSy  to  5.72  Knoij^\  Ifind  that  tKe  ti:ue  rate 
of  laihng  is  5.  72  Maes  in  the  Hour.    ., 

*  9.  Again,  fuppofirikjth'e  DllWricc  oetweeri  Knot 
and  .K«(?/  on  the  Lo^jj^tne^  to  be  exa(-tly  .^o  Feet,, 
but  that  the  G/^yj  is  not  39  Seconds'?  then  if  the. 
Clafs  recjiiire  longer  time  to  run  than  36  Seconds, 
the  Diilance  given. will  be  too  great,'  if  efkitnated 
by  allowing  i  Mile  foV  every  Knot  run.  In  the  time 
the  Glajs  runs ;  arid  on  the  contrary,  if  the  Glafs^ 
require  lefs  time  to'fun.than  30  Seconds,  it^^ill 
give  the'  Diftarice  lail'd  too  fmall.  Corifc^uentlv 
to  find  the  ^  true  Dlftance  in  cither  Cal^,  we'  muft: 
irieafure  the  tinje  the :G[^, requires  tb.rw 

the  Method  in  the  fbIlowjn^*^Artid<sj  tlic^,w:e  have 
the  foUowinjg  Proportion^,  ,m2;.        ;        ; 

As  the  number  of  Secoricls  the  Clap  runs^  is  to 
Half  a  Minute,  or  30  3^conds,  fo  1$  tKe,  Bifencc 
given  by  the  I^e^g,  to  tKe  true  Diftance. 

Example  i.  Suj)pdfc/a  Shm  runs  at^  of 

ji  Knots  in  the "  time  J^e.  G/^TJ  runs,  but  iriea- 
iuririg  the  'Gtafs^  1  find"  it  runs  34*Sec6nds:  Re- 
quired the  true  Diftancc  fail'd  ,  ,  . 
.  Making  it  as  34  Seconds,  is  to  3o'SecQi;ids,  fo 
i?  7-5>  to  6.6  ;  I  find  that  the  Ship  fails  at  the 
rdte  of  6.0  Miles  an  Hour. 

•  Example  2.  Suppofc  a  Ship  runs- at  the  fate  of 

(n  KmtSy   but  meafUnng  the  Glafs^  I  find  it  runs 

only  25  Seconds :.  kcquirecl  riie  true. fate  of  Ikil- 
ing/  ^     •  *'■  \^  ^        "'   ^  • 


w         •   r   • 
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,^kjng.  11:;^$  %^  JSec^nds^  is  to  .30  Seconds^  So  is 
^,S  Knots  J  iQ  7I8  Kfiois  i  I  iind  chat  the  true  rate 
jsf  failing  i;»7,  6,;Miles  aniiour. 

10..  In  ord^r^to  kpow  how  many*  Seconds  the 
C/tf^-runs,  you  may  try  it  by  a  Watch  or  Clock, 
that  vibrateS}  Seconds  ;  but  if  neither  of  thefe  be 
dt  hand,  then  take  a  Line,  and  to  the  one  end 
faftening  a  Phmrnety  hang .  the  other  upon  a  Nail 
or  Pegj  .ip  4\s  ,t;^e  Dift^nce  /ropi  the  Peg  to  the 
Center  ot ."^^ ^P iummet  ;be  ^95  Inches:  then. this 
j)ut  into'fj^otion  wiU  vil^^fate -Seconds,  ue^  every 
time  itpaffes.che  PerpendicuJdrr you -are*  to  count 
X)ne  Second^;  conieqjicntiy  hgr  pbierving  the  num- 
ber of  Vibratjons  tliat  it.  makes  during  the  time  the 
Glafi  isrunnifjg,  we  knqw  how  many  Seconds  the 
Clajs  runs. 

li.  If  thefe  be  ,an  Error  both  in  the  hog-Line 
^d  Haif^MintUe-Glafsj  viz.  if  the  Diftance  between 
'Knot  and  Knot  on.  the  Lag^Une^  be  cither  greater 
or.lefs  th^t)  50  Feet,  wA  the  Glafs  runs  either 
more  or  kfs-than  jo  Seconds,,  then  the  finding  of 
the  Ships,  true  r  Diftance  will  befomcwhat  more 
complicate,  and  ^dfnit  of  three  Cafes,  viz. 

Cafe  I.  If  the^jSZ^yrruns.^Tpre  than  3  c  Seconds, 

.and  tbe^Dijftance  between  Knot  and  Knot  be.  leis 

.than  50  Feety,  thqnthe  Pittance  given  by  the  Log* 

,  Line  J  viz.  by.. allowing  i  Mile  ^  for  each  Knot.  t\iQ 

Ship  fails  w^Kile  -the  Glafi  is  runing,  will ,  always  be 

.greater  than,  the  troie  Diftance  \    fince  either  of 

•thefe  Errors  give .  the  pilbiice  too  great,     Confe- 

quently  to  find  the  true  rate  of  failing,  in  this  Cafe, 

.we-muft»fipft.fiiid  (by  Art.  8,)  the  Diftance,  on  the 

fuppofition  that  the  Log-Line  is  only  wrong,  and 

.then  with  ttjis /by.  Art,  ^.)  we  Jball  find  the  true 

.' pittance,  .  * 

.    Example.  Suppofe  a  Ship  is  found  to  run  at  the 

rate  of  6  Kmls\    but '  examining  the  Glafi,  I  find 

it  runs  35  Seconds,  and  meafuring  the  Log^Line^  I 

U  2  find 
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find  the  Diftancc  between  Knot  and  Knot  to  be  but 
46  Feet:  Required  the  true  Diftance  run. 

Firjlj  By  Art.  8.  we  have  the  following  propor- 
tion, viz.  As  50  Feet  :  46  Feet  : :  6  Xiv<7/J  :  5.52 
Knots.  Then  by  jfrt.g.  As  35  Seconds  :  ^o  Se- 
conds :  :  5.52  A«(7/j  :  4.73  Knots.  Confcquently 
the  true  rate  of  failing  is  4. 73  Miles  an  Hour. 

Cafe  2.  If  the  Glafs  be  led  than  30  Seconds,  and 
the  fpace  between  Knot  and  Knot  be  more  than  50 
Feet-,  then  the  Diftance  given  by  the  Log^  will  al- 
ways be  lefs  than  the  true  Diftance,  fince  either 
of  thefe  Errors  Icffen  the  true  Diftance. 

Example.  Suppofe  a  Ship  is  found  to  run  at  the 
rate  of  7  Knots^  but  examining  the  Glafs^  I  find  it 
runs  only  25  Seconds,  and  meafuring  the  fpacc 
between  Knot  and  Knot  on  the  Log-LinCy  I  find  it 
is  5 4 Feet:  Required  the  true  rate  of  failing. 

Firjly  By  Art.  9.  As  25  Seconds:  30  Seconds: : 
7  Knots:  S. 4.  Knots.  Then  hy  Art.  8.  As  50  Feet: 
^/i^  Feet:  I  8.4  Knots:  9.072  Knots.  Confcquently 
the  true  rate  of  failing  is  9.  072  Miles  an  Hour. 

Cafe  3.  If  the  Glafs  runs  more  than  30  Seconds, 
and  thcTpace  between  Knot  and  Knot  be  greater 
t'lan  50  Feet,  or  if  the  Glafs  runs  lefe  than  30  Se- 
conds, and  the  fpace  between  Knot  and  Knot  be 
lefs  than  50  Feet  J  then  fince  in  cither  of  tjiefe  two 
Cafes  t*be  etfcfts'of  the  Errors  are  contrary,  'tis 
:|>lain  the  Diftance  will  fomctimes  be  too  great  and 
lometimes'too  little,  according  as  the  greater  Quan- 
tity of  the  Error  lies';  as  will  be  evident  from  the 
following  Examples.  *  • 

Example  i,  Suppofe  a  Ship  is  found  to  run  at 
the  rate  of  91  Knots  per  Glafsy  but  examining  the 
Glafs'y  it  is  found  to  run  3.6  Seconds,  and  by  mea- 
furing the  fpace  between  Knot  and  Knoty  it  is 
found  to  be  58  Fe^t:    Required  the  true  rate  of 


failing. 


w. 
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Rrftj  By  Art.  8.  At  50  Feet  :  58  Feet/. :  9.5 
Knots  :  1 1 .02  £ii^/i.  Th^n  by  Art.  9.  As  3  8  £i- 
rv^ir :  30  Seconds: :  11.02  Knots i  8.7  Knots.  Conw 
fequently  the  Ship's  true  rate  of  failing  is  87  Miles 
an  Hour. 

Example  2.  Suppofe  a  Ship  runs  at  the  rate  of 
6  Knots  per  Gtafs'y  but  examining  the  Glafs^  it  is  found 
to  run  only  20  Seconds^  and  by  meafuring  the 
Log'Ldney  the  Diftance  between  Knot  and  Knot  h 
found  to  be  but  38  Feet:  Rcquirc4the  true  rate 
pf  failing. 

Ftrfty  By  Art.  8.  As  50  Feet:  38  Feet::  6 
Knots:  4.  56  Knots.  Then  by  ylrt.  9.  As  20  Se- 
conds: 30 Seconds: :  4.  56  Knots:  6.  84  Knots.  Con* 
fequendy  the  true  rate  of  failing  is  6.  84  Miles  an 
Hour. 

But  if  in  this  Cafe  it  happen,  that  the  time  the 
Glajs  takes  to  run,  be  to  the  Diftance  between  Knot 
and  Knoty  as  30,  the  Seiconds  in  half  a  Minute,  is 
to  50,  the  true  Diftance  between  Knot  and  Knot ; 
then  'tis  plain,  that  whatever  number  of  Seconds 
the  Glafs  confifts  of,  and  whatever  number  of  Feet 
is  contained  between  Knot  and  Knot '^  yet  the  Di- 
ftance given  by  the  I/>g'Liney  will  be  the  true 
Diftance  in  Miles. 

12.  Though  the  Method  of  meafuring  the  Ship's 
Way  by  the  Log-Lincy  defcribed  in  the  foregoing 
Articles,  be  that  which  is  now  commonly  made 
ufe  of  J  yet  it  is  fubjedt  to  feveral  Errors,  and 
thefe  pretty  cqnfiderable.  For  firft,  the  Half-Minute 
or  garter- Minute-Glajfes  (by  which,  and  the  Logy 
the  Ship's  Way  is  dctermin'd)  arc  feldom  or  never 
true,  becaufe  dry  and  wet  Weather  have  a  great 
Influence  on  them  \  fo  that  at  one  Time  they  may 
run  more,  and  at  another  Time  fewer  than~  30 
Seconds,  and  'tis  evident  that  a  fmall  Error  in  the 
GlafSy^  will  caufe  a  fenfible  one  in  the  Ship's  Way. 
Again,  the  chief  Property  of  the  Log  is  to  h^vc 

-.  It 
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it  fwicn  uprighti  or  |>Qqieiiclicular  fo  the  Horizon  ; 
-but  this  is  too.  oftojn  A^^nting  in  Lags^  bocaufe  fei^ 
Seai^en 'examine  yirheihcr  it.isfoprflots.aq^^generally 
;take.  It^upc^  £ru(^, }  being  fati^d,.  jf  it  fweigh  a 
little  hiore  at  the  Sebrn  than  the  Head  ;  and  tfooi 
thb^there  flows:  .ani  Error  in 'the  Reckoning,  for  if 
the  .£i0;g  does  not  fwim  upright,   it  will  not  h^ld 
Wataer,-  nor  remaia  iteady  in.  the  place  where  it 
45'heavM,    finite itb^.leaft  check  pf .the  Hand,  ip 
^veering  }tbe  J-^ine  will  make  it  come  gp ;  feveral 
Feet ;  this  repeated  will  make  the  Errors  becpipp 
^atbdmSj  and  perhaps  Knpfs^  which/how  infignlficant 
focver  they  appear,  are  .Miles  ^nd  parts  of  Mile$, 
-  and  aihount  -  to  a  igood  deal  in  a  long  -Voyage. 
Anoihffr  linconvienience  attending  the  Log-rlMte  is 
it's  ftretching  and  fhrinking ;  for  when  a  new  Lin^ 
•isfirftufed,  let. it. be  ^vcrfo  well  ftretcH^d  upon 
^the  Deck,  .and  rmeafured  (as  true  4S;po(I|ble,  yet 
cafter' weting  It  .Ihrinks  confiderably ;   and   confe- 
^quoiitly  to  be  the  better  aiFur'd  pf  the  Ship^s  W^zy 
fiJy^the  Zwg-Xiw^,  'we  ought  to  meafwrp  ^sid  f^ter 
:?die  Knoh  on  it  «very  time  before  we  ufe.it;;  bMt 
'this  is:  feldom- done  oftner  than  pi^eeia^We^,  and 
'Ibitietiisies^'not  .abpve.once  or  twice  in  A^xwhole 
Voyage  ;    alfo  when  the  Line. is  mtjaCired  to  it*$ 
^grcatdt  Degree  of  flirinking,  it,  is  generally  .left 
: there ;  ^and  'when  iby  much  gfe,  it  comes  to'  ftretch 
again  it  is  feldom  or  never  monded,  :tho*  it  will 
-ftrctch  beyond' what  it  firft  rfhiiunk.    .TWe  an/i 
many  other  Errors,  .  too .  well  knov^n,.jatGeitding 
.that  mediod  of  mcafurii^  the  Ship's  W^y  by  ?Kc 
Log-Line^  plaihly  ^nfwcrsfor  a  great  .rqany  ^rfors 
committed  in  Reckonings.  So  'tis  to  be.wifti'd  that 
either  this  Method  were  improyed  dr  amended,  or 
that  fofne  Pther  Method  lefs  fubjcd  to  Error,  were 
found  out.    There  was  a  Machine  fom^time  ,ago 
invented  by  Mr.  Henry  de  Saumarez^  of  die  Ifland  pf 
Guimfejy  for  mcafuring  the  Ship's  Way,,  called  tbe 

Marino 


Of  the  L(^fLfrte  andCompaff.      r$  r 

Marine  Surveyoy\  ^vhidh  is  indeed  'tefs  fubjed  to 
Error  thafi  the  Log-Line,  and  was  foufid  by  fcveral . 
fexperimcnfcs  ta  ahfWer  the  end  much  knore  exaftly^ 
than  ,thc  LpgrlUne  \  a  Defcriptibn  of  which  may  be 
ittii-m  ^t  TWofipbtcal  TranfaSions  of  the  Royal 
Society,  Vpi  xxxiii.  for  the  months  of  Ihvemher 
and'  December  1725  5  and  alfq  iri;  ;1iofe  for  the 
riioriths  of  March  2sA  April  I'jiS  \  and  fox  March 
and  Afril'i'jT.Qj 

13.  It  was  (aid  at  Art.  2t.  S^e^.  3.  that  the  Meri- 
dian and  prime  Vertical   of  any  'pl^tce  cuts  the 
Horizon  in  4  Points,:  at  90  Degrees  diftance  from  • 
one  another,,  tiz.  the  j^ortb.  South'^  %ajt  and  Wefi  \ 
that  part  of  thfe  Meridian  which,  extehds  itfelf  fropi 
the  place  to  the  North  point  of  the  Horizon,  is  called 
the  North  Line',  that  which  tends  to  the  South, ^xnt 
of  the  Horizon,  is  called  the  South  Line  y  and  that 
part  of  the  Prime  Vertical  "^Kidi  extends  towards 
the  right  Hand  of  the  Obferver,  whea  his  face  is 
turned  to  the  North,' \%  called  the]  Majf  Line -,  and 
laftly,  that  part  of  thd  Prime  Vertical  which  tends 
towards  the  kft  Hand,  is  called  the  ^e^  Line ; .  the 
ftur  Points  in  which,  thefe  Lines*  n;ieet  the  Horizon^^ 
are  called  the  Cardindl  Points,  //    ^    ■     - 
*  14.  In  order  to  deternfliiV  the  *^'Ci!?i/;^  of  the 
Winds ^  a.nd  to  jiifcpyier.  their  varioys  Alterations  of 
Shiftihgs  i  each  Xijjadrant  of  the  Horizon  intercepted, 
tetwceri  the  Meri^dn^ndi  Primi  Vertical,  is  ufually 
divided  into  eight  equarParts,Vapd  ^cbnfequently*^ 
the  whole  Horizon^  idto  thirty  t><^d';  'and  the  Lines 
drawn    from  the  pl^ce.  on  wKicli  1:h<e '  XDbferver 
ftandeth,*  "to  the  points  of*  DiYifion.  ^ri^qiij  Horizon, ' 
are  called  i?ai72^ii/«/?j>,  the  Tour  priiici^^^  of  which' 
are  thbfe  dcircribedjn  the.  jK-ecceaihg  A  each 

of  thqni  having,  ii'siiame  from  the.  cardinal  Point 
in  the  Horizon  ■tovi^iidi  which' ft  teftds  i.  the*  reft  of 
the  Humb  Lihefhz,yc  their  names  cort|Jbuhd€d  of 

the 


1^2      Of  the  Leg'  Line  and  Compdf^. 

the  principal  Lines  on  each  (ide  of  them,  as  in 
tte  following  Figure ;  and  over  which-foevcr  of 
ihefe  Lines  the  courfe  of  the  Wind  is  directed, 
that  Wind  takes  it's  name  accordingly. 

I  f  •  The  Inftrument  commonly  us'd  at  Sea  for 
4ire6ling  the  Ship's  Way,,  is  called  the  Mariners 
Compafs ;  which  confifts  of  a  Card  and  two  Boxes. 
The  Card  is  a  Circle  made  to  represent  the  Horizon^ 
whofe  Circumference  is  quartered  and  divided  in- 
to Degrees,  and  alfo  into  thirty  two  equal  Parts, 
by  Lines  drawn  from  the  Center  to  the  fevcral 
points  of  Divifion,  called  Points  of  the  Compafs^  On 
the  back  fide  of  the  Card^  and  juft  below  the  South 
and  North  Une^  is  fix'd  a  Steel  Needle^  with  a  Brafi 
Cupola^  or  hollow  Center  in  the  middle,  which  is 
plac'd  upon  the  end  6f  a  fine  Pi«,  upon  which  the 
Card  may  eafily  tufn  about ;  the  Needle  is  touch*d 
vfviiz  Load-Stone^  by  which  a  certain  Virtue  isinfus'd 
into  it,  that  makes  it  (and  confequently  the  South 
and  North  Line  on  the  Cardy  above  it^  hang  nearly 
in  the  plain  of  the  Meridiahy  by  which  means  the 
South  and  North  Lines  on  the  C^zri  produced,  would 
meet  the  Horizon  in  the  South  and  North  Points ; 
and  confequently  all  the  other  Lines  On  the  Card 
produced  would  meet  the  Horizon  in  their  refpeftive 
Points. 

1 6.  The  Card  is  reprefeftted  in  the  annexed 
Scheme,  in  which  you  may  obferve,  that  the  ca- 
pital Letters  N,  S,  E,  W,  denote  the  four  cardinal 
Points,  viz.  N  the  Norths  S  the  Souths  i^c.  and 
the  fmall  Letter  b  fignifies  the  word  by :  the  Runibs 
in  the  middle  between  any  two  of  die  Cardinals, 
are  exprefs'd  by  the  Letters  denoting  thefe  Car- 
dinals, that  which  denotes  the  Point  lying  in  the 
Meridian  having  the  precedence  ;  thus  the  Rumb 
in  the  middle  between  the  North  and  Eaft  is  ex- 
prefs'd  N  E,  which  is  to  be  read  North  Eaft ; 

alfo 


Of  the  Log-Line  4ii4  Compafi.  151 
alfo  S  W  denotes  the  Smttb  Wefi  Rumb»  tSc.  the 
ecber  Rumbt  arc   cfprefs'd   according  to  their 


Sitoatlon  with  re(})eA  to  dteTe-  middle  Rumb^ 
and  the  neareft  Caniinalx,  as  i<  plain  from  the  an^ 
nexcd  Schemct 

X  J7.  Th^ 


17.  Th^G^iiisput  inia  a  round  Am^  made  fb^ 
h^  kiv4ag  z,  Piaecodtecl  m  tl^e  Middle^  ufM>A  whkt^ 
the  hollow  Center  of  th«  ^sAhnttMa  fix'd,  fo  as  the 
Card  may  lie  Horizontal,  and  eafily  vibrate  accord- 
ing the  Motion  of  the  NeedU  \  the  Bg^  is  covered 
over  with  a  fmooth  Glafs,  and  is  hung  in  a  brafs 
Hoop  upon  two  cylindrical  Pins,  diametrically  op- 
pofite  to  one  another,  and  this  Hpop  is  hung  with- 
in another'  brafs  Circle,  upon  two  Pins  at  right 
Angles  with  the  former.  Thefe  two  Circles,  and 
the  JS^x,  are  placed  in  another  fauare  wooden  Box^ 
fo  that  the  innermoft  Bo%^  ana  confequently  the 
Card^  may  keep  Horizontal  which  way  foever  the 
Ship  heels. 

1 8 .  Since  the  Mm&am  do  all  meet  at  the  Toles^ 
and  there  form  certain  Angles  with  one  another  ; 
and  fince  if  we  move  never  fo  little  towards  the 
Eafi  or  Weft^  from  one  place  to  another,  we  there- 
by change  our  Meridian^  and  in  every  place  the 
Eafi;  and  Wefi  Line  being  perpendicular  to  the 
Meridian  ;  it  follows,  that  the  Eaft  and  ff^efi  Dne 
in  the  firft  Place,  will  not  coincide  with  the  EaSl 
and  IVeli  Line  in  the  fecond,  but  be  inclined  to  it^ 
at  a  certain  Angle :  and  confequently  all  the  other 
Rhomb  Lines  at  each  Place,  will  be  inclined  to  each 
other,  they  always  forming  the  fame  Angles  with 
the  Meridian.  Hence  it  follows  that  all  Rumbs^ 
except  the  four  Cardinals,  muft  be  Curves  or  Hetif" 
fherical  Lines,  always  tending  towards  the  Pole^ 
and  approaching  it  by  infinite  Gyrations  or  Turn- 
ings, but  never  falling  into  it.  Thus  let  P  be  the 
Pole,  FO  an  Arch  of  the  Equator,  PE,  PA> 
fcfr.  Meridians,  and  E  F  G  H  K  L  any  Rumb  ; 
then  becaufe  the  Angles  PEF,  PFG,  6?r.  are  by 
ii>^]^/gun5ii}C^  ^^  ^i(9(^  ij?  (^vifJwcthaj 
ij,  wft  ^9R  j%  cp^ryjB. ^I|*,  <»,t;te  of  t;bfe 
Globe,  always  approaching  the  Pole^x^  kni^  nsvqr 

falling 


I 

if  it  were  pofljble  for 


Ui 


could  cut  aft  infinity  Nuinbifer  of  othef  Lines'  at  e- 
qual  Angles^  in  the  ftme  P^inti  whick  is  abfurd. 
19.  BetaUft  tKefe  are  52lJ?!»A&V^^^  in 

the  Compafs )  equally  diftaQt  ^m  oAe  andther^ 
therefore  th^  Angle  eontdih'ii  between  (any  tiro  of 
theih  adjftcdnc,  will  be  ix^,  15/,  iriz.  h  P^  of 
360**  i  and  ftr  tire  Arn^~e5fi|aufd  betweei])the 
Meridian  anjd  the  Nil^*  triU  be  11*,  15'i  and 
betVtreen  the  Meridian  Und  thk  N  N  E*  «vill  be  22^', 
30^  .and  id  0^  the  xefty  ^  ia4lu:  Allowing  Table. 


X  2 


udTTtfiZf 


I  $6     Of  tie  Ltg'Line  anJ^Compafs. 

f  * 

^  Tabk  of  the  AngUiwUiib  tverj  i  Ptnnt  of  the  Con^ 
fafs  makes  with  the  Meri£an. 


North  \  S&uth  \  P/ints  \  D.  JV.  (    North    i     South 
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Of  9hun  bailing.  -x^^ 


I.  ■        1    J  it     ( 


SECT,    VII. 

••         I 
9  '  -  .  .- 

,  Of  Tlain  Sailing. 

I.  nri  HIS  mejhod  of  Sailing,  fuppofes  the 
JL  Earth  .  to  be  a  Plain^  and  the  Meridians 
parallel  to  one  another ;  and  likcwife  the  Parallels 
of  Latitude  at  equal  Diftance  from  one  another, 
as  they  really  are  upon  the  Globe,  Tho*  this  me- 
thod be  in  itfelf  evidently  falfe;  yet  in  a  fhort 
Run,  and  efpecially  near  the  Equator^  an  Account 
of  the  Ship's  Way,  may  be  kept  by  it  tolerably 
well. 

2.  The  Angle  form'd  by  the  Meridian  and 
Rumb,  that  a  Ship  fails  upon,  is  called  the  Ship's 
Courfe,  Thus  if  a  Ship  fails  on -the  N  N  E  Rumb, 
then  her  Courfe  will  be  22^,  30',  and  fo  of  others. 

3.  The  Pittance  between  two  places  lying  on  the 
•Tame  Parallel  counted  in  Miles  of  the  Equator^  oi 
the  Diftanc^  of  one  place  froni  the  Meridian  of  an- 
other, counted  as  above,  on  the  Parallel  paffing 
over  that  plaee,  is  called  Meridional  Diftance  \  which 
in  Plain  Sailin^^  goes  under  the  name  of  Departure. 

4. .  Let  A  denote  a  certain  Point  on  the  Earth** 
Surface,  A  C  its  Meridian^  and  A  D  the  parallel 
of  Latitude  paffing  thro*  it  5  and  fuppofe  a  Ship  tp 
fail  from  A  on  the  NNE  Rumb  till  fhe  arrive 
at  B  >  and  thro*  B  draw  the  Meridian  B  D  ^which 
according  to  the  Principles  of  Plain  Sailings  muft 
be  parallel  toCA)  and  the  paraller  of  Latitude 
B  C  5  then  the  Length  of  A  B,  viz.  how  far  the 
Ship  has  fail'd  upon  the  NNE  Rumb,  i§  called 
her  Diftance 'f  AC  or  B  D  will  be  her  Di^^ercnce  of 
'Laiiiudfj  or  Northing,  CB  will  be  her  Departure, 
j&r  Bailing,  and  Ae  Angle  CAB  will  be  the  Courfe. 

.        Hence 


«5<  OfTlam  Sdilifig: 

Hence  it  is  plain,  that  the  Diftance  faiPd,  i^ill  al. 
w«yi  h%  greaMr  ltMa€kh^  4ie  Di£ff9*em€  ^haHi^ 
tudey  ox  Departure^  it  being  the  Hypothenme  of  a 
right  Anglcd-Triaiigle,  Wherebf  the  other  two  are 
the  Legs ;  except  the  Ship  fails  either  on  a  Meridian^ 


;  8 


ibr  a  paraM  of  Latitude  5  for  if  the  Ship  fails  on  s 
Meri£an^  then  it  is  plain,  that  her  Dijtance  will  be 
luft  equd  to  her  Difference  of  Latitude^  and  (he  will 
have  no  Departure  5  but  if  flie  fail  on  a  ParalkU 
then  her  Diftance  will  be  die  fame  with  her  Depan^ 
ture^  and  fhe  will  hav«  no  Difference  tf  Latititude. 
It  is  evident  alfo  from  the  Scheaic,  that  if  die 
tourfe  be  Icfs  than  4  Points,  or  45  Decrees,  its 
Connplimcnt,  viz.  the  other  Ottique  Ai^le,  will  be 

frcater  than  45  Degrees,  and  fo  the  Difference  c[ 
atitude  will  be  greater  than  the  Departure  5  but  k 
the  Courfe  be  greater  than  4  Points,  then  Ac  Differ 
rence  of  Latitude  will  be  lejfe  than  the  Departure  % 
and  laftly,  if  the  Courfe  be  juft  4  Points,  the  hiffe^ 
rence  of  Latitude  will  be  equal  to  the  Departure. 

5.  Since  the  Diftance,  Difference  of  Latitude, 
and  Departure,  form  a  right  angled- Triangle,  10 

which 


QfPUm  SaiJh^:  159 

wVick  the  ObS^ue  Angle  oppoQce  tg>  the  Peparturo 
is  the  Courfe,  aad  the  Qtheriqf^oinpUmenti  there* 
£we  havivg  any  twi  ^  tMe  ^V9ii  ve  can  fbjr 
£^4}.  9.)  &ad  ttuj  cd9: »   and  l^nce  arifu,  the  Cafea 

CAM   »• 

CottrfitndDiJianeegioeti,  to  _pnd  Difereita  tf  Lati- 
fu4e  and  Denture. 

SMPPQrc  a  Ship  Cull  frgni  the  Lattcude  of  30^, 
25' North,  NNE,  32  Miles.  Rcquir'd  the  Diffe- 
rence of  Latitude  and  Departure,  and  the  l^atitude 
come  cOt 

The  Geometrical  Conftruftion  of  this  Cafe,  is 
the  fainc  as  in  Cafe  3.  of  Sight  ^ing^d-Tr%(un/utry, 


the  fame  Things  being  given  in  both  ;  and  from 
it  we  have  the  following  Analogy,  for  finding  the 
Departure,  viz. 

Af  Radius  .--..---.  10.000O0 
w  tfae  Piftanw. A  C    -    32    -    -    -       1.505 15 


i66  Of  ^tain  Sailing: 

ft)  is  thfe  ^inc  of  the  Cburfc  A  22^,  30'  -  9.58284 
to  the  Departure  BC  -  -  12.25  -  1.08799 
ft>  the  Ship  has  made  12.25  Miles  of  Departure 
Eaftcrly,  or  has  got  fo  far  to  the  Eaftward  of  her 
Meridian.  Then  for  the  diflference  of  Latitude,  or 
Northing,  the  Ship  has  made,  we  have,  by  Cafe  j, 
of  ReSiangular  Trigokomehyy  die  following  Analogy, 

As  Radius      -------.      lO.oocJoo 

is  to  the  Diftance  AC  ~*-  -  32*  -  1.50515 
fo  is  the  Co-Sine  of  Courfe  A  -  22^,  30'  9,96562 
to  the  Difference  of  Lat.  A  B  -  29.57    •    1.47077 

Jo  the  Ship  has  differ'd  her  Latitude,  or  made  of 
Northing  29.57  Minutes.    ; 

And  fince  her  former  Latituiie  was  North,  and, 
her  difference  of  Latitude  alfo  North.    Therefore, 

To  the  Latitude  lali'd  from  •    -^   30^,  25'  N 
add  the  difference  of  Latitude  -    00  ,  29.57 


and  the  Sum  is  the  Lat.  come  to  30  ,  54*57  N 

By  this  Cafe  is  calculated  the  Table  of  Difference 
of  Latitude,  and  Departure,  to  every  Degree, 
Point,  and  quarter  Point  of  die  Compafs ;  for  the 
Diftance  from  i  to  100  Miles,  at  the  end  of  this 
Seftion ;  the  Ufc  of  which  fhall  be  there  expkin'd. 

CASE    1. 

Courfe  and '  difference  of  Latitude  given^  to  find 
Dijianee  and  Departure. 

Example. 

'    Suppofe   a  Ship  in  the  Latitude  of  45^,  25^ 
North,,  fails  N  E  ^  N  i  Eafterly,  till  flic  come  to 

the 


the  Latitude  of  46^,  55'  North.  Required  the 
Diftaac^  and'  Oepalrmre  fdiAt  gMd^  upM  that 
Coquet  t'c  >-  "^ 


r. 


<  f 


Since  both   Latitudes  are  Northerly,    and  the 
Courfelklfo  Northerly^   Thercfixe,-      r       ' 

«  •  '^  'A.  *  •  ...';»•'    ii'%       f"  *       * 

\  ...  4.  -*,,  w;\/  .^'Ij" 

'  From  the-Lattaldetcfe»<to  "•!  *    xCU^^^.gjt 

'.  ibbtra£t  thell^itude  fail'd  frUii^  1.^1. i:4^  ^.  (2^t 

and  there  remains      -     -.---      01,  30. 

the  Difference  of  Ladcude,  ^eqtral  to  90  Miles, 

•  The  Geometrical  Conftra(9fcibfi 'of  thlsCafe^  Is 
the  fame  with  that  of  Cafe  i:'bf  Reif angular  Tri^ 


.  *  ■•        •        •  » 


1  w 


t         I  4 


mmetr%  and^  by  it-we^iare  the  yollowin^  Analogy; 
for  findiii^gvthePcpaittiie  BD|  9IX 

As  Radius  «-•*«.••«.  lo.ooooo 
is  to  the  Diff.  of  Latitude  A  B  -  90  •  1.95424 
fo  is  the  Tangent  of  Courfe  A  -  39®,  22'  9.91404 
to  the  Departure  B  D  .  ^  .  73.84  1.86828 
fo  the  Ship  has  got  73.84  Miles  to  the  Eaftward  of 
herformcr  Meridian. 

Y  Again^ 


Uf  Of  TiM  Sailing: 

Agiiin>  for  die  Diftimce  A  D,  tfe  have  by  .Ci/?  f . 
dfkeSangular  Trig^mnneSry^  the  following  proper- 
tioDy  viz. 

^':  '  '   r   -       '■'  ^        •  •'  ■•:-•:  •     •■ 

As  Radius  -.  -  -  -  •  -  .-  -  .  tp^QOOoo 
h  to  the  Secant  of  the  Courfc  39^^  22'  10.11176 
fp  is  live  Diff.  of  Latitude  A  B  90  .:  •.  .  ^95424 
to^ip  Diftance  ADw  f/ :*.  •  u^*4    -    2.06600 


C  A  S  E     3 


«  .  ft  &  « 


.  Difference ^(^  Latitude  and  Diftance,  ffven^  ta  find 
CQurje  and  Departure. 

Example. 

Suppofe  a  Ship  fails  from  the  Latitude  of  56^^ 
50'  North,  OR  a  .Rutnb  between  SoUtH  and  Weft^ 
126  MUes,  and.  fhe  is  then  found  by  Obfervation 
to  be  in  the  Latitude  of  5^^,  40'  North.  Required 
the  Courfe  fhe  fail^  on^  and  her  Departure  from 
the  Meridian. 

Since  the  Latitudes  are  both  North;  and  the  Ship 
failing  towards  the  Equator.    Therefore, 

From  the  Latitude  fail'd  from    •    -    56^,  50' 
fubtraft  the  obferv'd  Latitude    «    -    55  »  40 

and  the  Remainder.    • .  -    -    -    -     01  ,  10 
'  equal  to  70  Miles,  is.the  Difference,  of  Latitude. 


Thi» 


Of  y/tf/»  Sotting. 


i«i 


This  CafjB  is  conftru^ed  the  fame  Way  9&Cq^  5. 
9f  Reffa^t^  ^f^ofumefrf  and  by  ic  we  have  tbue 


1> 


«  ^ 


^04^-8. 


following  proportion  for  finding  the  Angle  of  the 


As  the  Diftancc  faird  0  F  -  1 26 
is  to  Radius     .    .    .    .    ^ ;  ^ 


2.10037 
lo.ooooo 

fo  is  the  Diff.of  Latitude  FE  70^  -  1.84510 
to  the  Co-Sine  of  die.  Courfif  F  s6^\  15'  974473 
which,  becaufe  fhe  fails  between  South  and  Weft» 
will  be  South  56^,  is'.Weft,  or  SWiW.  Then 
for  the  Departure,  we  have  hy' Cafi  3.  of  ReSlangu* 
lor  Trigonomeiry^  the  following  proportion,  viz. 

As  Radius  ^.. "-.-.,--  10.00000 
is  to  the  Diftance  fail'd  D  F  -  ^26  -  2,10037 
fo  is  the  Sine  of  the  Courfc  F  '  -  56^,  15'  9,91985 
to  the  Departure  P E  -  -_-.  104.8  -2.02022 
confequently  ihe  has  made  X04«8  Miles  of  Pepar* 
tgre  Wcftcrly. 


.  ,.  i 


t  ♦ 


y  2 


C  A  S  E    4. 


164' 


Offi^'m  ,^-?/A^ 


.       C  A  S  E    4.  ,  •  ■    -   — .> 

,  ...  ♦♦..'..- 

;    Hiffenen^^  of.  Latiti{dc  ap4  P^p^tHte  pim% ,  $9  J^ 

Vourje  and  Dtjiance. 

Example. 

Suppofe  a  Ship  fails  from  the  Latitude  of  44^, 
50'  North,  between  South  and  Eaft,  till  fhe  has 
made  64  Miles  iof  Eq.fting,  and  is  then  found  by 
Obfervation  to  l^  in  tIi)B  Latitude  of  42^,  56'North. 
Required  the  l^uurfe  and;£>iftance  made  good. 

Since  the  Latitudes  are  both  North,  and  the  Ship 
failing  towards  the  Equator.    .Therefore, 


44^  50^  N 
42  J  56 


From  the  Latitude  faiPd  from^     - 
take  the  Latitiude  come  to       '  r 

and  there  Remain  s^~  i=-  -    -     -    •    01  ,  54 
equal  to  J 14  Miles,  the  Difference  of  Latitude  or 
gputhing.     ...  -.  .   .      •,       .  ,  . .   . 

This  Cafe  is  conftruded  the  fame  Way<a8i7ii/^'4; 
0f  JReSf angular  Trigonometry^  and  by  it  wc  have,  the 


1  f« 


<.  - 1 


f  ^ 


«       r 


♦ 


\.  . 


V~tf  *, 


E<u*-^+ 


following  proportion  to  find  t|»e  Courfc  KG L,  viz. 


As 


■  •  y.' 


m 


A»  tli^  Diff,  t^  JU^ud?  rGHK  ^  144:  \  -  '?^5f90 
is  to  Radius    .  r  •  ^  xr :  7 .  "    -'•.''     laoogp^^ 

fo  is  the  Dcpartufc  kL  '  -  •  64  -  1.806 18 
to  the  Tang,  of  Courfc  G  -^  29^,  19'  9.74928 
which  becaufe  the  Ship   is  ikiling  between  South 


and  jEaft,  will  be^South  29V^iV  Eaft  or  S  S  E 
i  Eaft  nearly,    ;  / 


Then  for  the:Diftance,  wc. |hall  have  by  Cafe  2, 

of  Re^anguhr  ^igonomctry^'ti^t  foUowjmg  Analogy, 

■ 


As  Radius  -w  .-^<V^^^« /*  *  •  -  •  iO;00ooo 
is  to  the  Diff.  Qf;  Jj^;  4S  K  114  -  •  2 .05 690 
fo  is  the  Seca)tt^c^^  29^,  19'    10.05952 

to  the  Diftance  <GL  -  *  130.8  *  2.1164^ 
confequently  thrShip  has  fail'd  on  a  S  S  £  i  Eaft 
Courfe  X30.8  Miles.  .     ^ 

C^A  S  E    ,5. 

r  .jp^Mce  ^ni  Deporutre  gvehi  ^'fini  CdUrfc  Mi 
iXiffergna  of -Latitude^    - 


r  I       K 


»  ^       •  «  . 


Suppofe  a  Ship  at  Sea,  faib  fro^  the  Latitude 
of  34^,  24' North,  between  North  and  Weft  X.24 
MtltSi  and  is  fouhdto' have  made  bfWtftiiTg^8$ 
Miles.  Jlequiredvthe^Courfe  fteer^d,  aAd  the  Di^ 
ference  of  Latitiide  or  Northing  made  .^od. 


»       7 


Thi 


«5S  CfPUm  Sdinug: 

I 

Hence  it  is  plain»  that  the  Diftance  faiPd,  \?ill  aU 
w«y«  be  grMCtr  diaii€iclier  die  Dijferemt  ^iMh. 
tude^  Of  Departure^  it  being  the  Hypothenule  of  a 
right  Angled-Tri^le.  Wheredf  the  other  two  are 
the  Legs ;  except  the  Snip  fails  either  on  a  Meridian^ 


<>r  a  faraUd  of  Latitude ;  for  if  the  Ship  fails  on  t 
Meridian^  then  it  is  plain,  that  her  Diftance  will  be 
juft  equsd  to  her  Difference  of  Latitude^  and  fhe  will 
have  no  Departure  5  but  if  flie  fail  on  a  Paralki» 
then  her  Diftance  will  be  the  fame  with  her  Depart 
ture^  and  fhe  will  have  no  Difference  •/  La$itiiude. 
It  is  evident  alfo  from  the  Scheme,  that  if  die 
^ourfe  be  lefs  than  4  Points,  or  45  Degrees,  its 
Compliment,  viz.  the  other  Oblique  Angle,  will  be 

freater  than  45  Degrees,  and  10  the  Differenet  ef 
atitude  will  be  greater  than  the  Departure ;  but  h 
the  Courfe  be  greater  than  4  Points,  then  the  Diffe*^ 
rence  rf  Latitude  will  be  \tk  dian  the  Departure  ^ 
and  laftly,  if  the  Courfe  be  juft  4  PointSi  die  Differ 
•rence  of  Latitude  will  be  equal  to  the  Departure. 

5.  Since  the  Diftance,  Diflference  of  Latitude, 
'and  Departure,  form  a  right  angled- Triangle,  10 

which 


Of  TlMn  Sailing.  T67 

Iv.  Hence  to  find  the  Latitude  the  Ship  is  in» 
ftnde  bofth  Latitudes  are  North,  and  the  Ship  bXl^ 
ihg  from  the  Equator.    Therefore, 

To  the  Latitude  failed  from  ....  34<^,  14^ 
add  the  Difference  of  Latitude    -    .    -     i  ,.  29 


■  m 


thefumis        -        -        -.       -        -      35  >  53{ 
the  Latitude  the  Ship  is  in  North. 

m 

•C     A     S     £r         tf#      -.' 

Comfe  and  'Depaitiure  poen^  t$  find  Diftance  ani 
D^erence  of  Lafitude; 

Example.  ' 

Suppofe  a  Ship  at  Sea,  in  ilie  Latitude  of  24^9. 
30^  South,  fails  S  E  ^  S,  till  Che  has  made  of  Eaft- 
ing  96  Miles.  Requiml  the  Diftaiv:e  and  Di|fe« 
rence  of  Latitude  made  good  on  that  Courfe. 

This  Cafe  is  projected  the  fame  Way  as  Cafe  t. 
0f  Rectangular  Trigatwmetry^  and  by  Cafe  i.  we  have 


'Kastin^p^ 


the  following  proportion  for  finding  the  Diftance, 
viz^  As 


«58  OfTlam  SaiGng: 

Hence  it  is  plain,  that  die  Diftance  fail'd,  -will  al. 
w«y«  b«  gr«at«r  tl»aeich«-  ^  Dijf«fmtt  ^Lettk. 
tude,  or  Departure^  it  being  the  Hypothenufe .  of  a 
right  Anglcd-Trilftgle,  whcrebf  the  other  two  are 
the  Legs  i  except  the  Ship  fails  either  on  a  MeriMan, 


i  c 

C;J)eptE  ;B 


•  ••■  •  ■■' 


ibr  a  paraM  of  Latitude ;  for  it  the  Ship  fails  on  s 
Meri^atij  then  it  is  plain,  that  her  Dijlance  will  be 
luft  cqud  to  her  Difference  of  Latitude^  and  Ihe  will 
have  no  Departure  \  but  if  flie  fail  on  a  ParaUcI, 
then  her  Difiance  will  be  the  fame  with  her  Depart 
ture^  and  fhe  will  have  no  Different  9f  Latititude. 
It  is  evident  alfo  from  the  Scheme^  that  if  die 
tourfe  be  lefs  than  4  Points,  or  45  Decrees,  its 
.Compliment,  viz.  the  other  Oblique  Angle,  will  be 

frcater  than  45  Degrees,  and  fo  the  Diferena  €f 
Atitude  will  be  greater  than  the  Departure ;  but  k 
the  Ourfe  be  greater  than  4  Points,  then  tlic  D'^e*. 
rence  of  Latitude  will  be  lefe  dian  the  Departure  % 
^d  laftly,  if  the  Courfe  be  juft  4  Points,  the  Differ 
rence  of  Latitude  will  be  equal  to  the  Departure. 

5.  Since  the  Diftance,  Difference  of  Latitude, 
and  Departure,  form  a  right  angled- Triangle,  10 

which 


QfThmUUof.  i5» 

whkh  the  Oblige  Angle  oppQ&e  to  the  Pepartnra 
h  the  Courfe,  ^nd  the  other  it^f^omplimenc;  there^ 
fjos^  havivg  any  two  of  cbeic  givon,  ve  can  (bif 
Sta.  «.)  find  tb<i  ceft »  and  heiee  arifts  the  Cafe< 
«f  PJmt  $«iii%  vhich  wa  of  foUgwi. 

CAM   «. 

CwrJ(0ndDiJianeegfvmf  to  find  Difference  tfl^ti- 
tu^e  and  Venture. 

S^ppQ^e  a  Sltm  Cub  {root  dw  Latitude  of  30^. 
25I  North,  NNE,  32  MUes.  Required  the  Diffe- 
rence of  Latitude  and  Deparcure^  and  the  Latitude 
eoine  ta 

The  Geometrical  ConitruAioix  of  this  Cafe,  is 
the  faoK  as  in  Cafe  3.  of  Bight  An^d-fri^smnetryt 


the  fame  Things  being'  given  in  both ;  and  from 
it  we  have  the  following  Analogy,  for  finding  the 
Departure,  viz. 

Ai  Radius  --...-..  jo-ooooo 
«otbfiOift«icC:AC    .    32    .    '    -        ^.505*5 


i66  Of  ^tain  Sailing: 

fo  b  thfe  Sine  of  the  Cburfc  A  22^,  30'  -  9.58284 
to  the  Departure  BC  -  -  12.25  -  1.08799^ 
{f>  the  Ship  has  made  12.25  Miles  of  Departure 
Eaftcrly,  or  has  got  fo  far  to  die  Eaftward  of  her 
Meridian.  Then  for  the  difference  of  Latitude,  or 
Northing,  the  Ship  has  made,  we  have,  by  Cafe  2* 
of  ReHangular  Trigokome^y^  die  following  Analogy, 

viz. 

•-    .         • 

As  Radius      -------    ^      lO.oodoo 

is  to  the  Diftance  A  C  ^-  -  32*  -  1.505 15 
fo  is  the  Co-Sine  of  Courfe  A  -  22^,  30'  9.96562 
to  the  Difference  of  Lat.  A  B  -  29.57    -    1.47077 

ib  the  Ship  has  differed  her  Latitude,  or  made  of 
Northing  29.57  Minutes.    • 

And  fince  her  former  Ladtucle  was  North,  and, 
her  difference  of  Latitude  alfo  North.    Therefore, 

To  the  Latitude  (all'd  from  •    -^   3[o^,  25'  N 
add  the  difference  of  Latitude  -    00  ,  29.57 


and  the  Sum  is  the  Lat.  come  to  30  ,  54*57  N 

By  this  Cafe  is  calculated  the  Table  of  Difference 
of  Latitude,  and  Departure,  to  every  Degree, 
Point,  and  quarter  Point  of  the  Compafs ;  for  the 
Diftance  from  i  to  too  Miles,  at  the  end  of  thia 
Sedtion  \  the  Ufc  of  which  fhall  be  there  explained. 

CASE    2. 

Courfe  and-  Mfference  of  Latitude  given^  to  find 
Dijlance  and  Departure. 

*  _ 

Example. 

'    Suppofe   a-  Ship  in  the  Latitude  of  45^,  25^ 
North,^  fails  N  E  ^  N  i  Eafterly,  till  flic  come  to 

the 


Q/  Tlain  Sailing:  xji 

3.  CourfeN  W  J  W  and  Diftancc  48  Miles, 

For  Departure. 

Aa  Radius  -  -     -     ,.  -.     .    -   '.     -  10.00000 

is  t»  the  Diftance    -    -    -    48     -      -  1.68124 

&  is  the  Sine  of  the  Courfe    56^^  15'  9.91985 

to  the  Departure     -    -    -    39-91      •  1.60109 

For  Difference  of  Latitude* 

As  Radius  ..'•^---..-.  10.00000 
is  to  the  Difltance  •  -  -  48  -  -•  1.68 124 
fo  is  the  Co-Sine  of  the  Courfe  s^^^  ^  5 '  -  97 447 4 
to  the  Diffl  of  Latitude     -      '2.6,6j     -     1.42598 

4.  Courfe  S JW  i  Weft  arrd  Diftgncg^g4  Miles. 

For  Departure. 

As  Radius  ..--,•*•--*.  10.00000 
is  to  the  Diftance  -  -  -  54-  -  -  1.73239 
fo  is  the  Sine  of  phe  Courfe  -  16®,  ^i^  -  9,46262 
to  ihe  Departure  .  .    -     -     15.67      -      1.19501 

1 

For  Difference  of  Latitude. 

-  •  • 
As  Radius     .•^•-.•.      10.00000 

is  to  the  Diftance  -  -  -  54  --  -  ^•Ti'^39 
io  is  the  Co-SinQ  of  the  Courfe  j6.f,  52'  9.98090 
to  the  Difi;  qf  Latitude    •    ^    ^I'^Sj     -    1,71329 

5.  Courfe  SE^S  i  Eaft  and  Diftance  74 Miles, 

For  Departure. 


As  Radius       ,  • 

-     xo.poooo 

is  to  the  Diftance     - 

74     -     -    1.86923 

fo  is  th^  Sin?  of  the  Courfe 

39?,  22^      9.802^8 
46.94-    -      i.Syisi 

to  the  Departure  ^     - 

Z  a  For 


«5<  OfPtam  S^lHig: 

Hence  it  is  plam»  that  the  Dijiance  failM,  will  aU 
ways  h%  gr^actr  diMeicher  dke  Differme^  tfla^ 
tuity  or  Departure^  it  being  the  Hypothenme  of  a 
right  Angled-Triiif^le,  Wherebf  die  other  two  are 
the  Legs ;  except  the  Snip  fails  either  on  a  Mmiian^ 


••■■■ •• 


ibr  a  paralM  of  Latitude ;  for  if  the  Ship  fails  on  a 
Meridian^  then  it  is  plain,  that  her  Dijiance  will  be 
luft  equal  to  her  Difference  ^  Latitude^  and  Ihe  will 
have  no  Departure  \  but  if  flie  fail  on  a  Parallel, 
then  her  Diftance  will  be  the  fame  with  her  Depart 
ture^  and  (he  will  have  no  Different  «/  Latititude. 
It  is  evident  alfo  from  the  Scheme^  that  if  die 
Klourfe  be  lefs  than  4  Points,  or  45  Degrees,  its 
^Compliment,  viz.  the  other  Oblique  Angle,  will  br 

freater  than  45  Degrees,  and  lo  the  Difference  ef 
Atitude  will  be  greater  than  the  Departure ;  but  if 
the  Courfe  be  greater  than  4  Points,  then  the  Diffe** 
rence  9/  Latitude  will  be  le&  than  the  Departure  % 
and  laftly,  if  the  Courfe  be  juft  4  Points^  tlie  i){^ 
r^/^c^  of  Latitude  will  be  equal  to  the  Departure. 

5.  Since  the  Diftance,  Diflference  of  Latitude, 
'and  Departure,  form  a  right  angled- Triangle,  10 

which 


Qf9km  SaiHn^:  ij» 

whick  tite  Oblique  Ang^  oppose  to  the  Depanuro 
U  iibc  Courfe*  «ad  the  pthcriq Compliment;  there- 
£»e  havuig  any  two  qF  tbdb  ^vco,  we  can  (li^ 
£«^.  4.)  find  thq  reft }  sod  t\enc«  arifu  the  Cafu 

CAM    «• 

CeurfifndlHftancegfvett,  toftidDifferentetfLoA- 
tilde  and  departure. 

S.qppQfe  a  Ship  feib  fiwn  tiie  I*atitudc  of  30', 
25 1  North,  NNE,  32  Miles.  Rcquir*d  the  Dific- 
rence  of  Latitude  and  Departure^  and  the  Latitude 
come  cov 

,  The  Geometrical  CoQ;P:ruftioa  of  this  Cafe,  is 
the  fame  is  in  Cafe  3.  of  Bight  jff^d'Tr^autittry, 


the  fame  Things  being  given  in  both  ;  and  from 
it  we  have  the  following  Analogy*  for  finding  the 
Departure,  viz. 

Ai  Radius  ---.---.  tcooooo 
to  ^^  piftancci A  C    .    32    .    -    -       1.50515 


t74 


Of  ^ lain  Saiiifig. 


As  the  Diff.  of  Latitude    - 
|s  to  Radius       .  •^ 
fo  is  the  Departure        -    - 
to  the  Tang,  of  the  Courfe  - 

and. 


96  «^ 

97  - 
46^  ?9- 


1.98227 
10.0000a 

1.98677. 
10.00450 


As  Radius  -  -  -  -  -  lO.OQOOp 
is  to  the  Diflr.  of  Latitude  -  96  -  1.98227 
fb  is  the  Sec.  of  the  Courft  45^>  19'  10.15293 
to  the  Diftance  -  '  -  136.5  -  2,13520 
whence  the  true  Bearing  and  Diftance  of  die  in- 
tended Port  is  SE,  136.5  Miles, 

.  8.  In  the  following  Table,  cooiputed  by  Cafe- 1. 
of  Plain  Sailings  for  the  more  ready  working  a 
Traverfe,  you  may  obferve  ;  that  in  the  top  Co- 
lumn of  each  Page  are  placed  the  Courfes  begin- 
ning a.t  I  Degree,  and  proceeding  thro*  the  feveral 
Pegrees,  Points,  and  quarter  Points,  to  45  D^rees» 
the  bottom  Colunc^n  beginning  with  45^,  where 
the  upper  ends  and  preceeding  to  90  Degrees,  the 
Pegrees  in  the  upper  and  flower  Columns  being 
the  Compliments  of  one  another.  T})c  two  0d$ 
Columns  in  each  Page  contains  the  Diftances,  vix. 
^ofe  on  the  left  .^and  conta;ins  the  Diftances  fronri 
I  to  50,  and  thofe  on  the  right-hand  Page  con- 
tains the  Diftances  frdm  50'to  100.  The  other  in- 
termediate Columns  qontains  Differences  of  Lati? 
jude  and  Departures,  anfwering  to  the  Courfes  in 
the  top  and  Diftances  in  the  fide  Columns.  The 
ufe  of  this  will  be  plain,  from  the  following  E^f- 
ample. 

Example  i. 

Suppofe  the  Courfe  to  be  SE^S  i  Eaft,  and 
Diftance  48  Miles.  Required  Difference  of  Lati* 
(ude  and  Departure. 

Brft, 


Of  T  lain  Sailing.  17$ 

Ftrfty  I  look  in  the  top  Column  for  31  Points 
(becaufe  it  is  lefs  than  4  Points,  or  45  Degrees) 
jind  in  the  fide  Column  on  the  left-hand  Page  (be** 
caufe  the  Diftance  is  lefs  than  50)  for  the  Diftance 
48  I  then  below  the  33  Points,  and  on  the  fame 
line  with  4!$,  'I  find  37,1  for  the  Difference  of 
Latitude,  and  30.4  for  the  Departure. 

Example  2. 

Suppofe  the  Courfe  NEJE,  and  the  Diftance 
76  Miles.  Required  Difference  of  Latitude  and 
Departure. 

Firjt^  I  look  in  the  bottom  Column  for  the 
Courfe,  viz.  5  Points  (becaufe  it  exceeds  4  Points 
pr  45  Degrees)  and  in  the  fide  Column  on  the 
right-hand  Page  (becaufe  the  Diftance  exceeds  50) 
for  the  Diftance  yS'^  then  above  the  Courfe,  and 
on  the  fame  Line  with  the  Diftance,  I  find  63. z 
for  the  Departure,  and  42.2  for  the  Difference  of  ' 
Latitude. 

If  the  given  Diftance  'exceed  the  Limits  of  the 
Table,  i  e.  be  greater  than  loo,  then  that  Diftance 
muft  be  divided  into  two  or  more  Parts,  each  of 
which  muft  be  lefs  or  equal  to  100 ;  then  find  as  ki 
the  preceeding  Examples,  the  Difference  of  Latitude 
and  Departike  for  each  Diftance  on  the  given 
pourfc,  and  the  Sum  of  thefe  Differences  of  Lati- 
tudes will  be  the  Difference  of  Latitude  required, 
alfo  the  Sum  of  the  Departures,  will  be  the  De- 
parture required. 

Example  j. 

ft 

Suppofe  the  Courfe  SWJSt,  and  Diftance  146 
Miles.  Required  the  Diflference  of  Latitude  and 
Departure. 


176  OfPUun  SaiSr^: 

m 

Ftrjl^  I  divide  the  given  Diftance  into  two,  vbc 
loo  and  465  then  the  Differences  of  Latitude  and 
Departures  anfwering  to  thefe  on  a  S  W>S  Courfe> 
found  in  the  Table,  will  be  as  follows,  viz^ 


Cwrfg        Difi.        Piff.  tflat.    Dipmr. 
SW^S      100  83.1  55.6 


146  121.3     .       8t.i 

The  Sum  of  the  Differences  of  Latitude,  viz. 
121.3  is  the  Difference  of  I^atitude  requir^,  and 
and  the  Sum  of  the  Departure^  viz.  8x.i  is  the 
Deoarture  required* 

After  the  fame  manner  may  a  Traverfe  be 
wrought  by  the  Table,  viz.  by  finding  the  Diffe- 
rence of  Latitude  and  Departure  (from  the  Table) 
to  each  CouHe  and  Diftance,  and  fetting  them  down 
in  their  proper  Columns  in  the  Traverfe  Table^ 
imd  then  working  as  in  the  foregoing  example  of 
a  Traverfe. 

Example. 

« 

SuQpofe  a  Ship  in  the  Latitude  of  36^,  431 
Kortn,  fails  on  the  following  Courfes,  viz.  SE^S, 
56  Miles,  SSE  42  Miles,  S^W  64  Miles,  and 
NE^N  40  Miles.  Required  the  Courfe  and  Dif- 
tance made  good  upon  the  whole,  and  the  Lati* 
tude  the  Ship  has  come  to. 

Ftrft^  I  take  from  the  Table,  the  Difference  of 
Latitude  and  Departure  belonging  to  each  Courfe 
and  Diftance,  and  ^efe  fet  down  in  their  proper 

Columns 


0/  Tlain  Sailing.  i^j 

Columns  in  the  Traverfe  Table»  will  ftkhd  as  fol« 
lows. 


Courfes       ^Difiances 


SE^S 
SSE    . 


Diff/ofLat 


Departure 


Dif.ofLat.     1 1 5.8    I  57.3    Dep. 


Whence  it  is  plaiii,  that  the  Difference  of  Lati- 
tude  made  good  is  115.8  Miles,  and  the  Depar- 
ture is  57.3  Mileisi  then  for  the  dired  Cbuffe  and 
Diftance  it  Will  be^  by  Cafe  4:  of  Plain  Sailing. 

As  the  Diff.  of  Lat:     -      115.8      -     -     2.09968 

is  to  Radius        .        -        -        •     .      10.00000 

fo  is  the  Departure        -     57.3       -     -     1-75815 

to  the  Tang.  oftheCourfe  24^,  30'     -     9-65847 

which,  becaufe  the  Ship  is  failing  between  Soutli 

and  Eaft,  will  be  S  S  E  ?  Eaft  nearly;     Again,  for 

the  Diftance  it  will  be 

As  Radius      -1-1.    -- 

is  to  the  Diff.  of  Lat.    -     1 15.8     - 

fo  is  the  Sec.  of  the  Coutfe  24^^,  30'     - 

to  the  Diftance      -      -      138:3-     - 


10.00006 

2.09968 

-     10.04098 

-     2.14066 

And  fince  the  Ship  is  failing  tbwat-ds  the  Equa- 
tor, cdnfequ^ntly  dimiiiiftiing  her  Latitudei  there- 
fore, 


From  the  Lat.  fail'd  froni 
fubtraft  the  Dilf.  of  Lat. 


and  there  remains    -     -     -    •     ^ 
the  Lariradc  the  Ship  has  come  to; 

A  a 


36^  43 'N 
X  >  55  S'^ 

34  ,  48  N 
A  Large 


• 


N 


•"  * 


i 
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-    Of^Malkl  Sailing. 

s.  O  I  N  C  El.  jdie  Patalkk .  ^  Latfiude  do  always 
^  decreafe  the  nearer  they  approach  thtPoL^ 
%  is  plain  a  'Degcee  on  any  of  libeth  iBuft  he  lefs 
than  a  Degree  upon  the  Equator,  Now  JA  oi?der 
to  know  the  ksfgfh  of  a  DiMree  ion  any  of  them. ; 
let  P  B  repcefent  half  the  Earth's  Axis,  P  A,  a 
Quadrant  of  a  Meridian^    and  fio&fequently  A>  .a 


^*'»      >  I    HI 


Point  on  the  Equator j  C  a  Point  on  the  Meri^uip^ 
and  CD  a  Perpendicular  from  that  Point  upon  the 
Axis,  which  plaiuly  }wiH  he  the  Sine  of  C  P  the 
Diftance  of  that  Point  from  the  Pole,  or  the  Co- 
^ne  of  CA  it's  Diftance  >ixom  the  Equator,  .and 
CD^  will  be  to  A  B,  as  the  Sine  of  CP  or  Co* 
fine  of  CA,  is  to  the  Radius.    Again,  if  the  Qua* 

drapt  PAB  be  iwrn'd  round  upon  the  A;ds  i?B, 
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*tis  plain  the  Point  A  will  defcribe  the  Circucnfe- 
Fence  of  the  Equator  whofe  Radius  is  AB,  and  any 
other  Point  C  upon  the  Meridian  will  defcribe  the 
Circumference  of  a  Parallel^  whofe  Radius  is  CD. 

Cor.  I.  Hence  (^becaufe  the  Circumferences  of 
Circles  are  as  their  Radii)  it  follows,  that  the  Cir- 
cumference of  any  Parallel^  is  to  the  Circumference 
of  the  Equator^  as  the  Co-line  of  it's  Latitude,  is  to 
^  Radius. 

Cor.  2  And  lince  the  wholes  are  as  their  (imilair 
Parts,  it  will  be,  as  the  length  of  a  Degree  on  any 
Parallel^  is  to  the  length  of  a  Degree  upon  the  £- 
qualorj  fo  is  the  Co-fine  of  the  Latitude  of  that 
Parallel^  to  Radius.     - 

Cor.  3.  Hence  as  Radius,  is  to  the  Co-fine  df 
any  Latitude,  fo  is  the  Minutes  of  Difference  of 
Longitude  between  two  Meridians^  or  their  Diftance 
in  Miles  upon  the  Equator,  to  the  Diftance  of  thefe 
two  Meridians  on  the  Parallel  in  Miles. 

Cor.  4.  And  as  the  Co-fine  of  any  Parallel  is  to 
Radius,  fo  is  the  length  of  any  Arch  on  that  Pa-^ 
rallel  (intercepted  between  two  Meridians)  in  Miles» 
to  the  length  of  a  fimilar  Arch  on  the  Equator^ 
or  Minutes  of  Difference  of  Longitude. 

Cor.  5.  Alfo  as  the  Co-fine  of  any  one  Parallel^ 
is  to  the  Co-fine  of  any  other  Parallel^  fo  is  the 
length  of  any  Arch  on  the  firft,  in  Miles,  to  the 
length  of  the  fame  Arch  on  the  other  in  Miles. 

2.  From  what  has  been  faid,  arifes  the  Solution 
of  the  feveral  Cafb$  ofParaUel  Sailings  which  are  as 
follow. 

CASE    I. 

Gvuen  the  Difference  of  Longitude  between  two  Places^ 
,  '  hoth  lying  on'  the  fame  Parallel,  to  find  the  Diftance 
.    between  thofe  JPlaces. 

M^ample  i. 
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ExampU  i. 

Suppofe  a  Ship  in  dte  Xatitude  of  54^,  20' 
North,  fails  diredly  Weft  on  that  Parallel  till  j(he 
has  differed  her  Longitude' 12^,  45'.  Required 
the  Diftance  fail' d  on  that  ParaUeL 

• 

Ftri^  The  Difference  of  Longitude  reduced  in- 
to Minutes,  or  nautical  Miles,  is  765',  which  is  the 
Diftance  between  xht  Meridian  fail'd  from  and  the 
Meridian  come  to,  upon  the  Equator ;  then  to  find 
the  Diftance  between  thefe  Meridians  on  the  Pa^ 
rallel  of  54^,  20',  or  the  Diftance  failed,  it  will 
be,  by  Cor.  3.  of  the  laft  Article^ 

As  Radius        -        -  •         -        10.00000 

is  to  the  Co-line  of  the  Lat.  54^,  20^  976572 
{o  is  the  Minutes  of  Diff,  Lone.  765  -  2.88366 
to  the  Diftance  on  the  Parallel  446.1     -    2.64938 

Example  2. 

A  Degree  on  the  Equator  being  60  Minutes,  or 
nautical  Miles.  Required  the  length  of  a  Degree 
on  the  Parallel  0(51^^  32', 

By  Cor.  3.  of  the  laft  Article^  it  will  be  . 

As  Radius  -----  10.00900 
is  to  the  Co-fine  of  the  Lat.  51^32'  -  9.79383 
fo  is  the  Min.  in  i  Deg.  on  the  Eq.  60  -  .  i .778 1 ^ 
to  -  .  -  -  -  37.32  .  1.57198 
the  Miles  anfwering  to  a  Degree  on  the  Parallel  of 

5*^  32'. 
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By  this  Problem  the  following  Tabic  is  conftruftr 
ed^  ihewing  the  6c6graghk  Miles  anfwering  to  a 
Degree  on  any  Parallel  of  Latitude;  in  which  you 
rtiaV  obferve^  that  t&e  Cokiminf  ma^k'd.  at  the  Top 
wich  D,  L.  cotKam  the  Degrees  of :  Latitude  be- 
longing  to  cich  P4ruilleh  ana  theladjuteliC  Columns 
mark'd  at  the  T4»p^  M/dS^  contaiii  the  MUet  aa^ 
fwering  to  a  Degree  upon  thefe  Parallels^ 

JTibk^i^wg  bm  mMf  Mks  Mjwer  ta  a  Degree 
of  Longiti^e,  at  every  Dep^ee  of  Latitude. 
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i.09 
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0^0 


Tho'  this  Table  does  onlf  (hew  the  Miles  an- 
fwering to  a  Degree  of  any  Pardkly  whofe  Lati- 
tude confifts  of  a  whole  Number  ef  Degrees  s  yet 
it  may  be  made  to  ferve  for  any  Parallelj  whofo 
Latitude  is  fome  Number  <rf  Degrees  and  Minutes, 
by  making  the  following  proportion,  viz. 

As  I  Degree,  or  60  Minutes,  is  to  the  Difference 
between  the  Miles  anfwering  to  a  Degree  in  the 
next  greater  and  next  Icfs  Tabular  Latitude  than 

that 


Of  TaraUel  SaiUngi  nop 

that  propofed,  fo  is  the  Excefs  of  the  propofed 
Latitude  above  the  next  lefs  Tabular  Latitude,  to  a 
proportional  part ;  which,  fubtradted  from  the  Miles 
anfwering'to  a  Degree  of  Longitude  in  the  next 
lefii  Tabular  Latitude,  will  give  the  Miles  anfwer • 
ing  to  a  Decree  in  the  propofed  Latitude. 

Example* 


•  -    » 


Required  to  find  the  Miles'  oniWering  to  a  De^ 
gree  on  the  Parallel  oi 56^ y  44'.- 


Ftrfty  The  next  lefs  ParaM  of  Latitude  in 
Table,  than  that  propofed,  is  that  of  56^ j  a  De« 
grde  of  which  (by  the  Table)  is  equal  to  33.55 
Miles ;  and  the  next  greater  Parallel  of  Latitude 
in  the  Table,  than  that  propofed,  is  that  of  57^, 
a  Degree  of  which  is  (by  the  Table)  equal  to  32.68 
Miles;  the  Difierence of  thefe  is  .87,  and  the  Di- 
ftunce  between  thefe  Parallels  i%  1  Degree  or  66 
Minutes ;  alfo  the  Diftance  between  the  Parallel  of 
$6^ J  and  the  prop<^ed  Parallel  of  56^^  44'  is  44 
Minutes ;  then  by  the  preceedihg  proportion  it  will 
be :  As  66,  is  to  .87,  fo  is  44,  to  .63 8,  the  Diffe- 
rence between  a  Degree  on  the  Parallel  of  56^,  and 
^  Degree  on  the  Parallel  of  56^,  44^  which  there- 
fore taken  from  33.55,  the  Mfles^ angering  to  a 
Degree  on  Ae  Parallel  of  s^^'^  leaves  32.91a  the 
Miles  anfwering  to  a  Degree  on  the  Parallel  of  56^^ 
44',  as  was  required. 

CASE     2. 

.  ^e  Diftance  faiPd  in  any  Parallel  of  Latitude^  or 
the  Diftance  between  any  two  Places  on  that  Parallel 
being  given^  to  find  the  Difference  of  Longitude. 

Example. 


20tf  OfTdratielSaiUpg, 

Example. 

Soppofe  a  Ship  in  the  Latitude  of  ^^^^  36' 
North,  fails  diredjy  Eaft  685.6  Miles.  Required 
how  much  (he  has  diSer'd  her  Longitude. 

By  Cor.  4.  Art.  i.  of  this  SeSiion  it  will  be 

As  the  Co-fiitc  of  the  Lat.  55^,36'  -  9.75202 
is  to  Radius  -.  -  -  -  lo.ooooo 
fo  is  the  Diftance  fail'd  -  685.6  -  2.83607 
to  Min.  of  DifF.  of  Long,  -  1213  -  3.^8405 
which  reduced  into  Degrees,  by  dividing  by  60, 
makes  20^  ^  13'  the  Difference  of  Longitude  the 
Shijp  has  made. 

This  may  alfo  be  folv'd  by  help  of  the  foregoing 
Table,  viz.  by  finding  from  it,  the  Miles  anfwer- 
ing  to  a  Degree  on  the  propofed  Parallel^  and  di- 
viding with  this  the  given  number  of  Miles, 
the  Quotient  will  be  the  Degrees  and  Minutes  of 
DiflT.  of  Longitude  required. 

Thus  in  the  laft  Example  i  I  find,  from  the  fore- 
going Table,  that  a  Degree  on  the  Parallel  of  55^, 
36/  is  equal  to  33.89  MUes;  by  this  I  divide  the 
propofed  number  of  Miles  685.6  and  the  Quotient 
is  20.23  Degrees,  i.e.  20^,  13',  the Difierence of 

j^ongitude  required. 

« 

CASE     3. 

TJtf  Difference  of  Longitude  between  two  Places  on 
the  fiime  Parallel,  and  the  Diftance  between  them  being 
given^  to  find  the  Latitude  of  that  Parallel. 

Example. 
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Example 

Suppofe  a  Ship  fails  on  a  certain  Parallel  diredl  v 
Weft  624  Miles,  and  then  has  difFer'd  her  Longi. 
tude  1.8^,  46'  or  1 1 26  Miles.  Required  the  Lati^ 
tude  of  the  Parallel  fhe  fail'd  upon. 

By  Cor.  3.  Art.  i.  of  this  Seffion  it  will  be 

As  the  Min.  of  Diflf.  Long.  1 1 26  -  3.05 154 
is  to  the  Diftance  faird     -    -     624     -     2.79518 

fo  is  Radius jo.odooo 

to  the  Co-fine  of  the  Lat.  -  56^ ^  21'  9.74364 
confecjuently  the  Latitude  of  the  Ship  or  Parallel 
Ihe  faiPd  upon  was  56^ ^  iiK 

From  what  has  been  faid,  may  be  folv'd  the  foL 
lowing  Problems. 

P  R  O  B.     I. 

Siippofe  two  Ships  in  the  Latitude  of  46^,  go' 
North,  diftant  afunder  654  Miles,  fail  both  dire^b- 
ly  North  256  Miles,  and  confequently  are  coptie  to 
the  Latitude  of  50®,  46'  North.  Required  their 
][)iftance  on  that  ParaUel 

By  Cor.  5.  of  Art.  1.  of  this  SeSlion  it  will  be 

• 

As  the  Co-fine  of    -    -    46^,  30'     •      9.83781 
is  to  the  Co-fine  of   -    -    50  ,  46     «     9.80105 
fois     -     -    -     -     -     -     654     -     -     ^.81558 

^to     -    -     .     ...    -    601      -     -      2.77882 

the  Diftance  between  the  Ships  when  on  the  Pa^ 
rail f I  of  50^,  46'. 


P  R  O  B.    2. 


P  R  O  B.    2. 

Swpofe  two  Ships  in  the  Latitude  of  45^,  48' 
North,  dift&nt  afandcr  846  MUes,  fail  dire^j 
North  till  the  difbaince  between  them  is  624  Miles. 
Required  the  Latitude  come  to,  and  the  diftance 
failed. 

By  Cor.  5.  of  Art.  1.  of  this  Sellion  it  will  be 

jflis  their  firft  Diftance  -  -  846  -  .  ^'92737 
is  to  their  fecond  Diftance  -  €24  -  -  a.795 1^ 
To  is  the  Co-fine  of  -  -  45^,  48^  -  9.84334 
to  the  Co-fine  of  -  -  -  59  ,  04  -  9.71115 
the  Latitude  of  the  Parallel  the  Ships  are  come  to. 

Confequently  to  find  their  Diftance  iail'd,     , 

From  the  Latitude  come  to     -    -     -     59^.,  04^ 
fubtradi:  the  Latitude  fail'd  from    -    -    45  ,  48 

and  there  remains     -     -     -     ---     13,  16 

lequ^l  to  796  Milea,  the  difference  4£  Latitude  or 
di&iliGe  failed.    . 

3 .  Tho'  in  fol ving  the  t^roblems  in  this  SeStion^  we 
fuppofed  the  Earth  to  be  really  fdherica|,  yet  rit  ifi 
not  fo,  but  rather  an  oblate  Spheroid  having  the  Dia- 
mettfr^of  the  Equator  about  34  Miles  longer  than 
the  Axis ;  which  makes  the  length  of  a  Degree  on 
the  Meridian,  hear  the  Pole, -about  a'Mlk  longer 
than  the  length  of  a  Degree  near  the  Equator ;  add 
the  >Ra£i  of  the  Parallels  inftead  of  being  Sines  in  a 
Circle,  will  be  Ordhtates  to  the  lefier  Axe  of  can 
ElUpJi.  Confequently  the  true  length  of  a  Degree 
on  any  Parallel^  will  fomewhat  differ  (rom  its  length 
on  the  Suppofition  of  the  Earth's  being  a  Sphere  ; 
but  this  difierence  is  fo  fmail^  that  in  all  nautical 
Cafes  it  may  fafely  be  neglefled. 

SECT,    IX. 


Middle  Latitude  Suilirig.         2  op 
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SECT.     IX. 

♦  « • 

•  •        •  • 

r 

.  Of  Middle  Latitude  Sailing. 

i.TylirHEN  two  Places  lie  both  on  the  fame 
V  V    Parallel^  we  (hew*d,  in  the  laft  Scdion, 
how  from  the  diflference  of  Longitude  given,  to 
find  the  JMiksjof  Eafting  or  Welling  between  thcm^ 
&  e  contra  y  but  when  two  Places  He  not  on  the 
fame  Parallel^  then  their  diflference  of  Longitude 
cwnot  be  reduc'd  to  Miles  of  Eafting  or  Wefting 
on  the  Parallel  of  either  Place  j  for  if  counted  on  the 
Parallel  of  that  Place  that  has  the  greateft  Lati- 
tude it  would  be  too  fmall,  and  if  on  the  Parallel o£ 
that  Place  having  die  leaft  Latitude  it  would  be  too 
great.    Hence  the  common  Way  of  reducing  the 
Diflference  of  Longitude  between  two  Places^  lying 
on  diflferent  ParamSj  to  Miles  of  Eafting  or  Weft- 
ing, 6?  e  contra,  is  by<:oiinting  jf  on  the  middle  Pa^ 
rallel  between  the  Places,  which  t9  found  by  adding 
the  Latitudes  of  the  two  Places  together,  and  ta- 
king half  the- Sum,  which  will  be  the  Latitude  of 
the  middle  Parallel  required.     And  hence  arifes  the 
the  Solution  of  nhe  folWiog  Cafes. 

CASE     1. 

fbe  Latitudes  of  two  Places,  and  their  XMfference  of 
Longitude,    ^en^  to  find  ibe'SreS  Courfe  and'Oifi. 

Hnce. 

» . .  •  "  '  t  ' .  '  .      • 

Example. 

.  Required  the  direftCourfeand  Diftance  between . 
tlie  Zi?4»r^ , in.- the  Lgtitude.  of  50 ""j  00'  N.  .^ri4 

E  c  Longi- 
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Longitude  of  5®  ,  14'  W,  and  St,  Pineent  in  the 
Latitude  of  17*  ,  10'  N.  and  Longitude  of  24* 
20'  W. 

JzrA  To  the  Latitude  of  the  liz^i  .  ;o,  ^  N 
add  the  Latitude  of  5/.  ^w^/    -    -     17  ,  lo 

The  Sum  is--------   67,  10 

Half  the  Sum  or  Latitude  of  >     \  />     xr 

the  middle  P^ir/ii/^/ is    .     J     -    -  33  ^  35  ^ 

Alfo  the  Diff.  of  Latitude  is    -    .    "-  32  ,  50 
equal  to  1970  Miles  of  fouthing.    Again, 

From  the  Long,  of  St.  Vincent  -  -  24  ,  20  W 
take  the  Long,  of  the  Lizard  -    -    -o5,i4W 

there  remains    -------19,  06 

equal  to  1 146  Min.  of  Diff.  of  Long.  Weft. 

Then  for  the  Miles  of  Wetting,  or  Departure,  it 
will  be,   by  Cafe  i .  of  Parallel  Sailings 

As  Radius  --..-----  10.00000 
is  to  the  Co-fine  of  the  7      ^^o  ^^.  ^^^ 

middle  Pamllel      I     ^^    35'  -  -  9-9^069 

fo  is  Min.  DifF.  of  Long,    -  1146    -    .  3.05918 
to  the  Miles  of  Wcfting    -  954.7-    -    2.97987 

And  for  the  Courfc  it  will  be,  by  Cafe  4.  of  Plain 
Sailings 

As  the  Diff.  of  Lat.  -  -  1970  -  -  3.29447 
is  to  Radius  -.---.-•  10.00000 
fo  is  the  Departure  -  -  954.7  -  2.97987 
to  the  Tang,  of  the  Courfe  25^  51^    -     9.68540 

which  becaufe  it  is  between  South  and  Weft  will 
bcSSWi  Weft  nearly. 

For  the  Diftance  it  will  be,  by  the  fame  Cafe^ 

As  Radius    ---.-.-•-    10.00000 

is  to  the  Diffl  of  Lat.    -    1970    «    <»    3*29447 

fo 
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lb  is  the  Secant  of  the  Courfe  25^  51'  -  10,04579 
CO  the  Diftance    -    --    -2189    -     3.34026 

whence  the  dired  Courfe  and  Diftance  from  the 
UzardKo  St.  Vincent  hSS'^k^y  2i89Milcs. 

C  A  S  E     2. 

One  Latitude^  Courfe  and  Diftance  fail^dj  being  given, 
to  find  the  otbet  Latitude ,  and  Difference  of  Longitude. 

Example. 

Suppofe  a  Ship  in  the  Latitude  of  50^,  00^ 
North,  fails  South  50^,  o6»  Weft  150  Miles.  Re- 
quired the  Latitude  the  Ship  has  come  to,  and  how 

much  fhe  has  differed  her  Longitude. 

« 

Ftrft,  For  the  difference  of  Latitude  it  will  be, 
by  Cafe  i.  of  Plain  Sailingy 

As  Radius  -  -  •  .  •  10.00000 
is  to  the  Diftance  -  -  150  -  2.17609 
fo  is  the  Co-fine  of  the  Courfe  50^,  06'  9.80716 
to  the  DifF,  of  Latitude      -     96.22        1.98325 

equal  to  i^,  36',  apd  fince  the  Ship  is  failing  to- 
wards the  Equator,    Therefore, 

From  the  Latitude  fhe  was  in    -     -      50^,  00' 
^ke  the  diflf.  pf  Latitude        -        -        i  9  36 

and  there  remains        -        -        «        48  ,  24 

the  Latitude  fhe  has  come  to  North.  Confequent- 
ly  the  Latitude  of  the  middle  Parallel  will  be 
49"^*  12'.      ^ 

Then  for  Departure  orWefting  it  will  be,  by  the 
fame  Cafe^ 

E  e  2  As 


N 
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As  Radius       -.-...       -   \  •  (ip.oppoa 

is  to  the Diftancc  .  -     -     15Q     -  .-  *    2.17609 

fo  is  the  Sine  of  the  Courfe  50^,  06'  •     9.884S9 

to  the  Departure    *-    -     115.1      •  '-     4.0609S 

and  for  the  difference  of  Longitude,  it  will  be,  by 
Cafe  2.  of  Parallel  Sailings 

As  die  Co-fine  of  the  mid.  Par.  49®,  12'  ^9.8*519 
is  to  Radius  -  -  •  -  ..  -lo.ooooD 
fo  is  the  Departure  •  -  115.1  '  -  2.06098 
to  the  min.  Di(F.  of  XifOngitttde  176.1     -    2.24579 

cquaj  to  2^,  ^6',  .which  is  thc'diiference.  of  Longi- 
tude, the  Ship  has  made  Wefterly. '  . 


CASE     3. 


Courfe  and  Difference  of  Latitude  |iw», .  to 
't)ijtame  fM*dy  and  Difference  of  Lon^Ude. 


find  the 


Example. 


Suppofe^a  Sbipjn  the  Latitude  of  53^,  34' 
North,  fails  S'E^^S,  till  by  Qbfervation  fhc*s  found 
to  be  in  the  Latitude  of  51^,  i2(,  and  confequent- 
ly  has  difFcr'^d  her  Latitude  2®,  22^  or  f  42  Miles. 
Required  the  Dilhnce  faiPd^  and  the  difference  of 
Longitude.   -      -     ' 

'     Ftrji,  For  the  Departure,  it  will  be  (by  Cafe  2. 
cf  Plain  Sailingl 

AsRardius      -        *        -        -        -  10.00000 

is  to  the  Diff*.  of  Latitude    -     142     .-  2.15229 

fo  is  the  Tang,  of  Courfe     -    33^/1-5'  9.82489 

'  to  the  Departure    -    -    -     94*8 8'  1-977 18 

And  for  the  Diftancc,  it  will  be,  by  the  fame  Cafi^ 

As 


I 
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As  Radius     -/ •     -    -    -  -    •     •*     io.ooocx> 

15  tQ  the  diff.  of  Lat.     -    -  14a       -      2^15229 

fo  IS  the  Secant  of  Courfc     •  33®>  46^    ]f6.o8oi5 

to  the  Diftince^  -    .'    .    .  170.8     -    2,23244 

Then,  flnce  the  Latitude  fiil'd  from  was  55 ♦, 
34^  North,  and  the  Latitude  come  to  5 1  ^,  1 2'  North  \ 
therefore  the  middle  Far dlel  will  be  47*,  23^,  and 
confequently  for  the  diSerence  of  Longitude,  it 
will  be  f by  Cafe  2.  ^/  J^araltel  Sailing) 

K 

,As,  the  Co-fine  of  the  mid.  Par.  47^.,. 23'  9.83065 

is  to  the  Departure    -        -    94,88     -  1.97718 

fo  is  Radius        -         -        -        -  10.00000 

.  to  min.  of  di£,  pf  Longit    *     140      -  2.14653 

cQual  to  ify  20',. th?  difference  of  Longitucfc 
Eafterly. 

,  ,    C  A  S  £    4« 

Difference  of  Latitude^  and  Diftanee  fait iy  fjven^  to 
find  the  Courfe  and  piffcrence  $f  Lfnfftude. 

Example^ 

Suppofe  a  Ship  in  the  Latitude  of  43^.,  26^ 
North,  fails  between  South  and  Eafi,  246  Miles, 
and  then  is  found  by  Obferv^tion  to  be  in  the  Lati- 
tude of  41^,  06'  North.  Required  the  dircfl:  Courfe 
and  Difference  of  Longitude, 

Pirfi\  For  the  Courfe  it  will  be,   by  Caff  3,  if 
Pldn  Sailing, 

As  the  Diftance       -       -       246       «       2.39094 
is  to  Radius       .       •       -       ^      •       10.00000 

•fp 
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fo  is  the  Diff.  of  Latitude       140    -    -    2, 1 461 3 
to  the  Confine  of  the  Courfe    55^,  19^     9-7551^9 

which,  becaufe  the  Ship  fails  betWeen  South  and 
Eaft,  will  be  Soudi  55%  19' Eaft,  or  SEiE 
nearly. 

Then  for  Departure^  it  will  be,  by  the  fame  Cafe^ 

\As  Radius        -        -       -        -       -       10.00000 

.  is  to  the  Diftance        -       246        -        2.39094 

ib  is  the  Sine  of  the  Courfe  ss^^  ^9'    -   9*91504 

to  die  Departure        -    -      202.3      •      2.30598 

Laftl^y  For  the  difference  of  Longitude,  it  will 
be,  by  Cafe  2.  of  Parallel  Sailing. 

As  the  Co-fine  of  the  mid.  P^r.  42^,16^  9.86924 
is  to  the  Departure  .  -  -  202.3  -  2.30598 
{o  is  Radius  •.-•.•«  10.00000 
to  min.  of  DifF.  of  Longit.    -  273.3    -    2.43674 

equal  to  4^,  33^  the  difference  of  Longitude 
Eailcriy. 

/CASE    5. 

Courfe  and  Beparltire  ffven^  to  find  Difference  tf 
Latituae^    Difference    of  Longitude^    and  Diftance 
f^d: 

Example. 

Suppofe  a  Ship  in  the  Latitude  of  48^,  23' 
North,  fails  S  W  ^  S,  till  Ihe  has  made  of  Wetting 
J 23  Miles.    Required  the  Latitude  come  to,  the. 
difference  of  Longitude,  and  the  Diftance  faiPd. 

Ftrfly    For  >  the  Diftance  it  will  be,  by  Cafe  €. 
of  Plain  Sailirfgy 

As 
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AsdieSineoftheCourfe    33*^,  45'     -  974474 

is  to  the  Departure    -    *     123     -     -  2«o899i 

fo  is  Radius     -        -        -        ...  10.00000 

totheDiftance    -    -   -    -     221.4      -  2,34517 

I' 
And  for  the  difference  of  Latitude  it  will  be,  by 
thef^meCo/?, 

As  the  Tang,  of  Courfe    -    33^,45'  -    9,82489 

is  to  the  Departure     -    -      123     -  -    208991 

fo  is  Radius     -     ««•••..  10.00000 

to  the  Diffl  of  Latitude    «    184    •  -    2.26502 

equal  to  3^,  04',  and  (ince  the  Ship  is  failing  to- 
wards the  Equator,  the  Latitude  come  to  will  be 
45 ^»  ^9'  North;  and  confequently  the  middle  Pa* 
raUel  will  be  46?,  51'. 

Then  to  find  the  difierence  of  Longitude  it  will  be, 
X  by  Cafe  2.  of  Parallel  Sailingy 

As  the  Co-fine  of  mid.  Par.  46^,  51 '  -  9.83500 
is  to  Departure  -  -  -  123  -  -  2.08991 
fo  is  Radius  .  .  ,.  •  .  -  •  10.00000 
to  min.  of  Diffl  of  Longit.      180    -    -    2.25491 

which  is  coual  to  3^,  00',  the  difference  of  Lon- 
gitude Wcfterly. 

C  A  S  E     6. 

Difference  of  Latitude  and  Departure  given j  to  find 
Courfe^  Defiance  J  and  Difference  of  Longitude. 

Example. 

Suppofe  a.ShipJn  the  Latitude  of  46^,  371 
Norch,  fails  between  South  and  Eaff,  till  fhe  has 
made  of  Eafting,    146  Miles  and  is  then  found 

by 


by  Obfcrvation  to  be  in  the  Latitude  of^g^,  24' 
North*  Required  the  Courfe,.  ^10^^^^  m4  difff^ 
rence  of  Longitude.  1    .  • 

r 

.F^fty  By  Cafe  ^  tf  PMn  S^iuig^  jx,  wjU  hn.for 
the  Courfe, 

A3  the  Diff.  of  Latitude  -  193^  -.  StiS^ffi 
is  to  Departure  -  -  146  -  2.16137 
(aisRadiun  -  -  -  ...r.^  ir-  IQ.oo0o<| 
Uo  the  Tang,  of  the  Qourfe  .    ^(Jl^:,  55 '  .  9.8758 1 

which  becaufe  the  Ship  is  -failing  between  South 
and  Eaft,  will  bQ  South  36^,  55^  £aft,^or^S£^3 
5;  Eaftucj^fly,  '.     / 

For  the  Diftajice  it  will  be,  by  lJ)P  /jW«  CiJ>>   . 


As  Radius     -    -    -    --    --     -      10.00000 

is  to  the  Diff.  of  Latitude  m  193  >  -  a.^85^^ 
To  is  the  Sec.  of  the  Courfe  36^,  55'  10.09718 
totheDiftance      .     •     -      241.4    «    2.38274 

Then  for  the  difference  ofXongitHfle  it  will  be* 
by  Cafi  2.  of  Parallel  SatJing^     ^     .. 

♦  * 

Ljs  the  Co-fine  of  the  midi  Par.  45  ?j  00'  9*8494^ 
is  to  the  Departure  -  -  140  -,  2,16137 
fo  is  Radius  •  -  -  -  -'-•.-  -  1 0.00000 
to  min.  of  diflf.  of  Longit.  -^  ^95  -  2.3 1 1 8 8 
equal  to  3 9,  2^\  the  difference  of  Longitude 
.  fiaftcrly. 

C  A  S  E    7. 

Biftance  and  Departure  ffven^  to  find  Difference  of 
I^itude^  Courfe^  and  Difirmi  of  longitude. 


MMk  La^tude  Stating.         -a  irz 

Suppofe  a  Ship  in  the  Latitude  of  33^9  40' 
North,  fails  betiit^en  S<yut^  and  Eaft  165  Miles, 
and.  has  then  made  of  Eafting  11 2.5  Miles.     Re- 

2oir«d  the  diffcirencf  9f  JLaticude,   Cowfe^  and 
difference  of  Longicude..    . 

jRfr/?,  For  the  Courfe,  it  will  be,  by  Cafe  5.  of 
PUnn  Sailings 

As  the  Diftance  ^       *        165*    *  -*    2*21748 

is  to  Radius        -         •*        -        «  10.00000 

fo  is  thf  Departure    «    -    ^02*5    -»  -  z.05115 

to  the  Sine  of  the  Courfe  42?,  59/  S^^i^T 

i^kich  becaufe  the  ^p  fails  between  South  and 
Eaft,  will  be  South  42^^  59/  Eaft,  or  SE^S, 
i  Eaft  nearly. 

And  for  the  difference  <^  Latitude  it  will  be,  by 
the  fame  Cafe^ 

As  Radius  *  -  -  -  -  laooooo 
IS  to  the  Diftance  -  .  165  •  ^  2.21748 
ib  is  the  Confine  of  the  Courfe  42^,  59'  9.86436 
to  the  Diffl  of  Latitude      ^    120.7    -    2.08184 

€qual  to  2^,  00' »  confequently  the  Latitude  come 
to  will  be  31°,  40'  North,  ana  the  Latitude  of  the 
middle  Parallel  vfiW  be  32^,  40'.  Hence  to  find 
the  difference  of  Longitude  it  will  be,  by  Cafe  2.  of 
Farallfl  SaiUng^ 

As  the  Co-fine  of  the  mid.  Par.  32^,  40'  9.92522 
is  to  the  Departure    •    •    -    11 2.5    -    2,05115 

fo  is  Radius 10.00000 

Ff  t» 
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to  min.  of  DifF.  of  Long.    -     133.6     -    2.12593 
equal  to  2^,  13' nearly,  the  diflfcrence  ofLongi- 
tudc  Eaftcrly.  . 

CASE    8. 

-    Difference  ofLanptude  and  Departure  ffoen^  to  find 
Difference  of  Latitude^  Courfe^  and  Dijianfe  fail'd. 


Example. 

Suppofe  a  Ship  in  the  Latitude  of  50**,  46' 
•North,  fails  between  South  and  Weft,,  till  her 
Difference  of  Longitude  is  3®,  12',  an*  is  then 
found  to  have  departed  from  her  former  Meridian 
126  Miles.  Required  the  difference  of  Latitttde^ 
Courfe,  and  Diftance  fail'd. 

Ftrjly  For  the  Latitude  Ihe  has  come  to  it  will 
be,  by  Cafe  3.  of  Parallel  Sailings 

As  Min.  of  DifF.  of  Long.    -     192      -  2.28330 

is  to  Departure         -  .     -       126       -  2.10037 

fo  is  Radius        -        -         -         -  io.b(k)oa 

,  to  the  Co-fine  of  the  mid.  Par.  48^,  s^^  9,81707 

Now  fince  the  middle  Latitude  is  equal  to  half 
the  Sum  of  the  two  Latitudes  (by  Art.i.  of  this 
'Se£l.)  and  fo  the  Sum  of  the  two  Latitudes  equal 
to  double  the  middle  Latitude  \  it  follows  that  if 
from  double  the  middle  Latitude  we  fubtraft  any  one 
of  the  Latitudes,  the  Remainder  will  be  ehe  other. 
Hence  from  twice  48^,  59',  viz.  97^,  58'  taking 
50^,  46'  the  Latitude  faiPd  from,  there  remains 
47^,  1.2 'j  the  Latitude  come  to.  Confequently  the 
difference  of  Latitude  is  3^,  34',  or  114  Minutes^^ 

Thca 
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Then  for  the  Courfc  it  will  be^^  by  Cafe  4.  cf 
Plain  Sailing^^    ..... 

AsdifF.  ofLat    -    -    -    -    214    .    -  2.33041 

is  to  Radius        -       -       -       -       -  10,00000 

fo  is  the  Departure       •        126      -  2.10037 

to  the  Tang,  of  the  Courfc    -    30^,  29'  9.76996 

which  becaufc  it  is  between  South  and  Weft,  will 
be  South  30^,  29' Weft,  or  SS  W  i  Weft  nearly. 

And  for  the  Diftanqc  it  will  be,  by  the  fame  Cafe^ 

As  Radius        -        -        1  -  •    -  lo.oooop 

is  to  the  difFi  of  Laf.        -  '214     -  2,33041 

fo  is  the  Sec.  of  the  Courfc   -  30*^,29'  10.06461 

to  the  Piftance    -    -    -    -  248.4  -  2.39502 

2.  From  what  has  been  faid,  it  will  be  eafy  to 
folve  a  Travcr^,  by  the  Rules  of  Mddh  Latitude 
Sailing. 

Example. 

Sttppofe  a  Ship  in  the  Latitude  of  43®,  25' 
North,  fails,  upon  the  following  Courfes,  viz.  S  W 
*S  63MUes,  SSW  i  Weft  45  MUes,  ShE  54 
Miles,  and  SWiW  74  Miles.  Required  the 
Latitude  the  Ship  has  come  to,  and  how  far  fhq 
has  differed  her  Longitude. 

JFSr;?,  By  Cafe  2.  of  this  Seli.  find  the  difference 
of  Latitude,  and  difference  of  Longitude  belong 
ing  to  each  Courfc  and  Diftance^  and  they  will 
ftand  as  in  the  following  Table. ' 


F  f  2  Courfi 


X20         A^dilelLtHtMde-SaiUag* 


\ 


Diff.  ofUt,        Dlf.^fUngii. 


Cotirfi        Di%  I     N 


SSW4W  I  45 

SW^W 


1^:11= 


mf.  rfLat. 


ry 


»3.7S 


l47-»5 

1^5-755 
l»57y 


ivii 


ipiii* 


*i"W( 


Wf  e/'Zi^ff^.  143.8P 


Hence  it  is  plain  die  Ship  has  differed  her  Lati- 
tude i86.z  Minutes,  or  3^,  06',  and  fo  has  cpmc 
to  the  Latitude  of  40*,  19'  North,  and  has  made 
of  difference  of  Longitude  143.8  Minutes^  or  2^, 
23^4«'V  Wcfterly:       ^ 

3.  This  method  of  Sailing/ tho*  it  be  not  ftrid- 
ly  true,  yet  fc  comes  very  near  the  Truth,  as  will 
be  evident,"  by  comparing  an  Example  wrought 
by  this  Method,,  wjdi  the  fame  wrought  by  the 
Mediod  deliver'd  in  the  ntxtSe^wnj  which  is  ftriflb- 
ly  true;  and  it  ferves  without  any  confiderable 
Error,  in  runnings  of  450  Miles  between  the  Equa- 
tor and  Parallel  of  30  Degrees  •,  of  300  Miles  be- 
tween that  and  the  PaTalfel  of  60  Degrees ;  and  of 
150  Miles,  as  far  as  there  is  any  occanon,  and  con- 
iii^quently  mrift  be  ftsftctently  exatffc  for  24  Hours 


run. 


i»i 1 1' 


•»-■♦• 
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S  E  C  T.    X. 
Of  MercAttr's  Sailing, 

I.  np  H  O'  the  Metiiam  do  all  meet  at  the  Pokf 

X     and  the  ParaUds  to  the  Equaicr  do  con^- 

tinualiy  decreafe,  and  that  in  proportion  to  the  Co- 

iines  of  their  Latitudes  \  yet  in  old  Sea  Charts  the 

Meridians 
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were  drawn  parallel  to  one  another,  and 
ooftfequencly  the  Parallels  of  Latitude,  made  equal 
to  the  Equator^  and  fo  a  Degree  of  Longitude  oa 
any  ParalUl^  m  large  as  a  Degree  on  the  Equator  % 
mo  in  thefe  Charts  the  Degrees  of  Latitude  were 
ftUl  repre&nted  (as  they  are  in  themfelves)  equal  to 
each  o^er  and  to  chcie  of  the  Equator.  By  thefe 
means  Places  were  very  erroneouAy  mark'd  down 
upon  the  Chart ;  thus*  for  inftance,  an  lOand  on 
the  ParaM  of  60,  would  in  this  Chart  be  reprefen- 
ted  in  a  double  Proportion,  as  to  it's  length  in  Eafi-^ 
ing  and  H^eftingj  but  the  fame  as  to  its  breadth  in 
Ni^thifig  and  Southing  \  whereas  iir  order  to  its  being 
traly  drawn  upon  x£e^  Chart,  it  oi^ht  to  be  length* 
ened,  as  to  it's  Southing  and  Nort^ng^  in  the  lame 
Proportion  as  it  is  in  i^s  EaJHng  and  IVefiing^  fo  as 
the  whole  may  be  reprefented  on  the  Chart  propor^ 
tionally  as  it  is  on  the  Globe  itfelf. 
•  a.  To  Remedy  diis  Inconvenience,  fo  as  ftill  to 
keep  die  Miridms  parallel,  'tis  plain  we  muft  pro*» 
traft,  or  lengthen,  the  Desrees  of  Latitude  in  the 
fame  proportion  as  thofe  of  Longitude  are,  that  fo 
the  proportion  in  Eaftifig  and  fVefting^  may  be  the 
iame  with  that  of  Southing  and  Northing. 

3.  In  the  annoc'd  Scheme  let  ABD  be  a  Qua-* 
draiit  of  a  Meridian,  BF  or  CG  Ae  Radius  oftho 
Parallel  defcrib'd  by  the  Point  y|f^ 

B  and  C  D  the  Radius  of  the  £- 
quator ;  draw  the  Tangent  D£  A 
and  Secant  C  £  alfo  dhe  right  p 
Sine  B  G.  Then  it  has  been 
demonfirated,  in  SeSI.  8.  that  a 
Degree  upon  any  ParalUlj  is  to 
a  Degree  on  the  Equator ^  as  the 
Co-fine  of  it*s  Latitude,  is  to 
Radios.  Thus  a  Degree  bn  the  Parallel  deferib'd 
by  the  point  B,  is  to  a  Degree  on  the  Equator^  as 
B  F  or  OS  is  to  C  D  the  Radius  •,  but  (by  Jrt. 
74,  Se£f.  I.)  CG  :  CD  : :  CB  :  CE  y  therefore  a 

Degree 
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Degree  on  any  Parallel^  is  to  a  Degree  on  the  J?« 
quatoTj  as  Radius  is  to  the  Secant  of  the  Latitude ; 
and  fince  in  this  Projedion  the  Meridians  are  fup- 
posM  to  be  parallel,  and  confequently  each  of  the 
Parallels  equal  to  the  Equator j  'tis  plain  the  Radius- 
of  any  Parallel  will  become  equal  to  the  Radius  of 
the  Equator^  and  fo  CG  will  every  where  become 
equal  to  CD;  but  when  C  G  becomes  equal  to 
CD,    'tis  plain  CB  will  become  equal  to  CE. 
Consequently  in  this  Projedion,  the  Radius  of  the 
Meridian  at  any  Parallel^  will  be  equal  to  the  Se- 
cant of  the  Latitude  of  that  Parallel.    Alfo  fince  a 
Degree  or  any  final  1  Arch  upon  the  Equator j  is 
equal  to  a  Degree  or  the  like  Arch  upon  the  Meri- 
dian ;  therefore  as  the  Secant  of  any  Parallel^  is  to 
Radius,  fo  is  the  length  of  a  Degree  or  any  fmall 
Arch  on  the  Meridian^  to  the  length  of  a  Degree 
or  like  Arch  on  that  Parallel.    Hence-  *tis  evident 
that,  in  this  Proje&ion  where  the  Medians  are  pa- 
rallel, a  Dqgree  on  any  Parallel  will  be  increased 
beycmd  it's  jufl:  proportion,  at  fuch  rate  as  the  Se- 
cant of  the  Latitude,  is  greater  than  Radius  i  and 
confequently  the  Degrees  on  the  Meri£an  mv&  e- 
very  where  be  increased  in  the  fame  Rate ;  that  fa 
^e  proportion  in  Northing  and  Southings  may  be 
the  fame  with  that  of  £tfjfi»gand/i^ix^,  that  is,  the 
length  of  a  Degree  or  any  fmall  Arch  on  the  in- 
larg'd  Meridian^  miift  every  where  be  to  a  Degree 
or  Tike  Arch  .of  the  Meridian  on  the  Globe,  as  the 
Sedant  of  the  Latitude,  is  to  Radius.    Hence  by 
fu^x)/ing  the  length  of  any  fmall  Arch  of  the 
Meridian  Radius,  it  follows  from  what  has  been 
fai(J, 

'  Cor.  I.  That  the  length  of  a  Degree  or  any 
fmall  Arch  on  the  inlarg'd  Meridian^  is  every 
where  equal  to  the  Secant  of  the  Arch  conuin'd 
between  it  and  the  Equator. 

« 

2.  Tho 
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2.  The  Diftance  of  any  Point  upon  the  inlarg'd 
Mni£an  from  the  Equator^  is  equal  to  the  Sum  of 
all  the  Secants  contained  between  it  and  the  Equa^ 
Ur. 

3.  The  Diftance  between  any  two  Parallels  on 
the  fame  fide  of  the  Equator j  is  equal  to  the  diffe- 
rence of  the  Sums  of  all  the  Secants  contained  be* 
tween  the  Equator  and  each  of  the  Parallels. 

'  4.  The  Diftance  between  any  two  Parallels  on 
contrary  fides  of  the  Equator^  is  equal  to  the  Sum 
of  the  Sums  of  all  the  Secants  contained  between 
the  Equator  and  each  Parallel. 

4.  Now  fince  it  has  been  fliewn,  that  in  this  Pro- 
jection the  Diftance  of  each  point  of  the  Meridian 
from  the  EqUatorj  is  equal  to  the  Sum  of  all  the 
Secantis  contain^  between  it  and  the  Equators  'tis 
plain  that  by  a  continual  Addition  of  the  Secants^ 
beginning  at  the  Equator^  we  Ihall  have  the  Dif- 
tance of  every  particular  Point  in  the  Meridian 
from  the  Equator^  which  Diftances  colledted  toge- 
ther form  die  Table,  commonly  call'd  J  Table  of 
Meridioml  PartSj  which  is  anncx'd  to  the  End  of 
this  SeSlion^  and  in  which  you  may  obferve  that  the 
top  Column  contains,  the  Degrees,  and  the  left-hand 
fide  Column  the  Minutes ;  the  other  Columns  con-* 
tain  the  meridional  Parts  anfwering  to  thefe  De- 
grees and  Minutes,  There  is  alfo  upon  Gunter*s 
Scale  J  a  Line  of  meridional  Parts,  mark'd  Mer. 
which  ftiows  the  diftance  of  each  Point  of  the  Merl^ 

.  dian  from  the  Equator. 

5.  By  either  of  thefe,  viz.  the  Table  of  meri- 
dional Parts,  or  the  meridian  Line  upon  Gunter^s 
Scale,  may  a  Mercator's  Chart  be  conftrufted.  Thus 
for  Example,  let  it  be  required  to  make  a  Chare 
that  ihall  commence  at  the  Equator^  and  reach  to 
the  parallel  of  60  Degrees,  and  fliall  contain  80 
Degrees  of  Longitude, 

Dra^ 
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Draw  the  Line  £  Q^  repnsienting  die  Eptatori 
(fee  Plate  i.)  then  take  from  any  convenient  Line 
pf  eaual  Parts,  4800  (the  number  of  Minutes  coa*^ 
tain'a  in  80  Degrees)  which  fet  off  from  £  to  Q|^ 
and  this  will  determine  the  Brqadth  of  the  Chartc 

Divide  the  Line  £  Q^into  eight  equal  parts,  in 
the  Points  10,  20,  30,  &c.  each  containing  10  De- 
grees, and  each  of  thefe  divided  into  10  equal  partf 
will  give  the  iingle  Degrees  upon  the  Equator  \  theii 
thro'  the  points  £,  10,  20,  &c.  drawing  Lines  per* 
pendicular  to  £  (^,  tnefe  ihall  be  Meridians. 

From  the  fcale  of  equal  parts  take  4527.4  ^tbq 
meridional  parts  anfwering  to  60  Degrees)  and  fet 
that  off  from  £  to  A  and  from  Q^  to  B,  and  join 
A  B  \  then  this  Line  will  reprefent  the  Parallel  of 
60,  and  will  determine  the  length  of  the  Chart* 

Again  from  the  fcale  of  equal  parts  take  ^03*1, 
(the  meridional  parts  anfwering  to  10  Degrees)  and 
fet  that  off  from  £  to  10  on  the  line  £  A,  and  thro' 
the  point  10  draw  10, 10,  parallel  to  £  C^,  and  this 
will  be  the  ParalUl  of  10  Degrees.  The  fame  way 
fetting  off  from  £  on  the  line  £  A,  the  meridional 
parts  anfwering  to  each  D^ree,  6fr.  of  Latitude^ 
and  thro'  the  ^veral  points  drawing  lines  parallel  to 
£  Q^  we  ihall  have  the  feveral  ParaMds  of  Liati* 
tude. 

If  the  Chart  does  not  commence  from  the  £qua- 
tor,  but  is  only  to  ferve  for  a  certain  diftance  on  the 
Meridian  between  two  given  Parallels  on  the  fame 
fide  of  the  Equator  i  then  the  Meri^ans  are  to  be 
drawn  as  in  the  kft  Example,  and  for  the  Parallels  of 
Latitude  vou  are  to  proceed  thus ;  viz.  from  the 
meridional  parts  anfwering  to  each  point  of  Lati-» 
tude  in  your  Charts  fubtrad  the  meridional  parts 
anfwering  to  the  leaft  Latitude,  and  fet  off  the  dif- 
ferences fe verally,  from  the  Parallel  of  leaft  Lati« 
tude,  upon  the  two  extream  Meridians,  and  the 
lines  joining  thefe  points  of  the  Meridians  ihall  re- 
prefent the  feveral  Parallels  upon  your  Chart. 

Thus 
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.  Thm.1tt.it  be  required  to  draw  a  Ci&^r/  that  ihall 
jfcirve  from'.the  ;Laticude  of  z<!)  Degrees  North,  to 
£p.  Degrees  North,  and  that  ihaU  contain  80  De* 
grees  of  LongiCtfdi:.  . 

.  H?iYipg  drawo  itl^e  Line:  D  C  to.  reprefent  the 
9aralleJ;Q/.2P:  Degrees  (ke^Plateu)  and  the  A&n* 
]^'a»i^t()jti;M;ihjtbe  foi*egdng/Ekanap]e;  fet  off 
463.3.-^e:<Wffer^^^  tbc^mcridional  Parts 

'^fwer^ig  to /go  Degrfees,  ^  and  Ithofe  of  20  De- 
grpe^)  fronpi  ^  jHi  36,  and  frpiti  C  to  3  o  *,  then  join 
the  points  30  and  30  with  a  right  Line,  and  that 
Ihall  be  the, Parallel  of  30.  Alio  fet  off  1397.6  Cthe 
difference  between  the  niertdionarPar^  anfwering 
to  40  Degrees,  ^^d  thofe  of  20  Degrees  (from  D 
to  40,  and  from  C .  to.  40,  and  Jpintng  the  points 
40,  and  40  with  a  right  Line,  that  uiall  be  the 
Parallel  of  40.  And  proceeding  after  'the  fame 
Way,  we  may  draw  as  many  of  the  intermediate 
Parallels  as  we  fhall  have  Occafion  fon 

But  if  the  two  Parallels  of.  Latitude  that  bounds 
the  Cbarfy  are  on  the  contrary  fides  o^  the  Equator ; 
then  draw  a  Line  reprefenting^'^he  iEquator^  and 
Meridians  to  it,  as  in  the  firft  ExOn^le  •,  and  from 
the  Equator  fet  off  on  each  fide  of  vit  the  feveral 
Pai-allels  contained  between  it  and  ^  given  Pa- 
rallels as  above,  and  your  Chart  is  finifhed, 
.  .  iV;  5.HE?fleryc|u  muft  noticfii  j  tb'at  in  all  Chart f^ 
^^e'uppet  paf t;isr  the  iV^r/ib  Side/ »nd  the Idwer  part 
or; bottom i?: the .^<w^i&  Sidej/ilft)  Cfe«  part  of;it'  to^ 
Wa^ds  the  right  Hand  is  the  Eajij  -  axid  that  towarca 
tb?  If  ft  HarSr  thos  Weft  Side  of  the  Chart. 
i  64  Since  according  to  this  Projefllpn,  the  Meri^ 
4ians  ju-e  parallel  righ|:  Linesr;  rtk  plain,  tha:t  tho 
.Rumbs  which  form  always  equal  Angles  with  the 
Meridians y  will  be  ftreight  Lines  \  which  Property 
renders  this  Proje(f):ion  of  the  Earth's  furface  much 
more  eafy  and  proper  for  Ufe,  t|i4n  any  other. 

Gg  7.  This 


2z^  M/xcatot^s  SdHA^^ 

y.  TBis  mediod  of  projedihg  liie  Eartii^s  furface 
apon  a  Flam^  was  firft  invencedb^'  Mr.  Edwari 
Wright^  but  ficft  puUifted  by  Mm»Ufr  \  and  Imcdc^ 
the  failing  by  the  Cbart^  was  called  AliMr^^M^s  iyiin^ 
•  6.  In  (he  annexed  Scheme^  let  A  4nd  £>  re|>re- 
fent  two  places  upon  );he  furimce  9^ &e  Globe,  A  C 
the  Meridian  of  A^  and  AD  the  Rumb'JLaie  be^ 
tween  the  two  places ;.  thfx>*  D  d)aw  C^B  perpendi*> 
cular  to  AC,  and  chb  will  be  the  FaraUi  oilut!&^ 
lude  of  the  pbu:e  D^  from  A  ict  off  tipoa  dtt 


Meridian,  the  lengdi  A  C,  eouat  to  ^  MeriAnd 
or  inlarfd  Difflgfence  ^f  Latitudey  and  thro*  C  draw 
GE  parallel  BD* meeting  AD  produced  in  Ei 
then  A  B  will  be  the  f  roper  Difference  ofLatituie^ 
and  AC  the  inlai^£d Difference  pfLdtHude^  w  the 
Difference  of  Latitude  accoidhig  to  Mercaiw^s 
Charts  between  the  plaK^es  A  and  D:  C  E  will  bo 
the  Difference  of  Longitudey  and  B  D  the  Departurty 
alfo  AD  will  be  xht proper  Dtjfancej  and  AE  the 
inlarc'd,  or  acccrfding  to  MercatorU  Qharty  and  the 
Angle  BAD  wiftbc the  Omrfe.      . 

^  -  i  9.  Now 


Q.  Now  fince  in  the  Triangle  ACE,  BD  is  pa- 
rallel to  one  of  it's  fides  CE^iVtis  plain  the  Trian- 
ties  ACE,  ABD  will  be  fimilar,  and  confequent- 
J  the.  fidei  prpportional  (T>y  4ri.  74*  Se£f.  1 .)  Hence 
^ifes  the  $olutiQn^  of  thc^  fcy^  Cafes  ia  this  faiU 
i(ig,  which  iare  8a  fbliow^^ ..:     ^.     ... 


CAS  E    u 


,  fbe  Latitudes  of  two  Places  givefty.  to^  find  the  meri- 
£onal  or  inlar^d  Difference  of  Latitude  hetween  them,  f 

Of  this  Cafe  there  arc  three  Varieties,  viz.-  cither 
one  of  thci  places  lies  on  the  Equator ^  or  both  oa 
die  fame  fiae  of  it;  or  laftly  on  different  fides. 
' '  I .  If  one  of  the  jpropofed  places  lies  on  the  Equa** 
tbtj  then  the  meridional  difference  of  Latitude,  is 
the  fame  with  the  Latitude  of  the  other  place,  taken 
jfrom  the  Table  of  meridional  Parts* 

jSiC4tMf^9 

'  Required,  the  n^riclional  .difference  of  Latitude 
between  St.  ubomas^  lying  on  the  Equator  and  St.- 
Antomo  in  the  Latitude  of  17^,  20'  North.  I  look 
in  the  following  Table  fw  the  meridional  Parts 
anfwering  to  17^^  20^,  and  find  ic  to  |>e  1056.2, 
the  inbrft'd  difference  of  Latitude  required.  > 

1.  If  the  two  propofcd  places  be  on  the  fame  fide 
of  the  E^fotof^  then  the  meridional  difference  of 
Latitude  is  found  by  fubtraAing  the  meridional 
Parts  anfwering  to  the  leaft  Latitude,  from  thofe 
anfwering  to  the  greatefti  and  the  difference,  is  that 

recjuired, 

G  g  a  Example. 


r  «         *  I 


-  ■      ^         '    •-  *   .  .  ".  ... 

Example.         .' 

Required  the  tneridional  diflFcrcnce  of  Latitude . 
between  the  Lizard  in  the  Latitude  of  50^,  bo^ 
North,  and  Antegoa^  in  the  Latitude  of  17^,  30^' 
North. 

From  the  meridional  parts  or-  -  50^,  00'  -  3474,5 
fubtraft  the  merid.  parts  of  -    17^,  30'  -  1066.7 

there  remains    -i-^-::-     -.     2407,8 

the  meridional  difference  of  Latitude  required. 

.  .       •      .       •  •    •       .      *   •  /  > 

•  3.  If- the  places  lie  on  different  fides  of  the  JE-^ 

quittor^  then  the  meridional- difference  of, Latitude: 

is  found  by  adding  together  the  meridional  parts 

anfwering  to  each  Latitude^  and  the  Sum  is  thaC^ 

required,  • 

Example. 

Required  the  meridional  difference  of  Latitude 
between  Antegoa^  in  the  Latitude  of  17^,  30!  North, 
arid  lAma^  in  Peru^  in 'the  Latitude  of  12^,  30'. 
South, 

To  the  merid.  parts  anfwering  to  17^,  30'  -  i666.y 
add  thefe  anfwering  to     -    *     12  ,  30   -    756.1 

the  Sum  is -...     1822.8 

the  meridional  difference  qf  Latitudp  required.  . 

CASE    2, 

The  Latitudes^  and  Longitudes  of  two  Places  groen^ 
to  find  the  direff  Courfe  ana  Diftance  between  them. 

Example. 
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»     *  •♦ 


Example^ 


Required  to  find  the  direft  Courfe  and  Diftance 
between  the  Uzard^  in  the  Latitude  of  50^ ,  00^ 
Norths  and  Par^-Royal  in  Jammca^  in  the  ^Latitude 
qf  17®,  40';  differing  in  Longitude  70?,  46',  P^/- 
jRcyo/  lyiiig  fo"  far  to  the  We^vard  of  the  Uxkird^ 

Preparation, 

From  the  Latitude  of  the  Ldzard 
fubtrad  the  Lat.  of  Pori^Royal 

and  there  remains     -    - 


m  ^ 


fO%  06', 


-  32     ,     20 

equal  to  1940  Nfinutes,  the  proper  (^fference  of 
.  Latitude, 

Then  from  the  merid.  par^  of  50^,  oo'    ^  S474-5 
fubtraft  thofc  of    t     t    -     17  ^  40    -    1077.2 

and  there  remaims    --.--.-    ^397*3 
ihe  meridional  or  inlaig'd  difference  of  Latitude.  ^ . 

*  . 

Geametricalfy. 
Draw  the.  Line  A  C  reprefentina  the  Mm&an  of 


the  Uxfri  at  A,  and  fee  off  from  Aj  upon  that 

Line, 


Line,  AE  equal  to  1940  (from  any  fcalc  of  equal 
parts)  the  proper  diflS^ieocc  ot  Latitude,  alfo  A  C 
equal  to  2397.3  (from  the  fame  fcale)  the  meridional 
or  kUargf d  diSei;«fice  of  Lattoid^r  Upoh  tiie  point 
C  raife  CB  perpen4i<fulai;  «q  AQ  and  inake  Cft 
tqual  to  4a4^.:tHel4iiu)Ce9  of  differeiice;  of  lingU 

wie*  .  '  >  •'• 

Join  AB,  4V»l:tb»^.E  draw  ED  pa^aUel  co  BCi 
fo  the  Cafe  is  conftrudted,  and  A  D  applied  to  die 
'  fame  fcale  of  equal  pwcs.the  other  Legs  were  taken 
from,  will  give  the  direft  Diftance,  and  the  An. 
^;  P  A  £  meafured  by  the  liAe  of  Ckords  wifl^ 
give  th^  Courfc* 

'  .  \  -   By  Caleulatiam. 


For  the  Angle  of.tlie  Courfe  EAD.  it  will  Jje, 
by  Cafe  4.  of  ReStafigftlar  Tr%onop^fn.  • 

1       JAC:  CB  :  :  R:  T,  BAC.    !•/. 

, .     ^.      ^    -    -    -    -    ~     -    ' 

AsdusinetrdionidiCofLat.  -^1397-3  ^  9^3797^ 
is  to  the  DifF.  of  Long.  -  -  4246,0  -  3.62798 
{o  is  Radius  -.  ••  -  -•  -  10.00000 
to  the  Tang,  of  the  direft  Courfe  60^,  ^'  |0.348?8 

which  hccixi&  'Poti'ibfyal  is  Southward  of  the  Zi- 
xard^  and  the  difference  of  Longitude  Wefterly, 
will  be  South.^o?,  33.'  Weft,  or  S  W*  W  4  Weft 
nearly*  .  ^ 

Then  for  the  Dihatice  AD,  it  will  be,  by  Cafei. 
ef  Re^angular  ^rigonomeiry. 

R  ;  AE  :j  Sec.  A  :  AD,    i  e. 

As  the  Radius  t  -  -  -  -  -  ^  10.00000 
fo  is  the  proper  dlfF.  of  Lat.  1940  -  3.28780 
fo  is  the  Sec,  of  tl><& Courfe  -^    60%  33'  10^30833. 


confequently  the  direft  Courfe  add  Diftance  be- 

'   tween  die  lizard^  and  Port-Rosd  in  Jamaica^  || 

South  do*,  33.'  Weft,  3945.6  Mflcs.  •' 

"■■CASE-  3.    •■' 

.   Ci9tfrj^  ^^  Dffioftce  faifd  gven^  to  jW  Vifcrjmi 
if  Latitude'  and  Differtnci  9/  Lof^ude^ 

•     .  ■    .      '  ^         *      :  ^    •        ■ 

Example. 

SuppoTe  a  Sbify  from  the  lizard  m  the  Latrcude 
of  5o\  pc/ Norths  fails  South  J5^  ,40^  Weft  156 
HASxs.  R^qaix'ed  the  Ladtnde  come  to,  and  h^ 
piuch  ibe  has  %lttf^  her  Longitude. 

I.  Di^W  Ae  liM  B  K  reptefeiitbg  the  Meridian 
of  the  Uzardzi  B»  from  B  draw  the  line  B M, 


i      i. 


making  with  BK  an  Angle  equa]  to  35^,  40',  and 

upon  this  line  fet  off  BM  equal  to  156  the  given 

Diftance, 


Biftanc€,  zrA.  from  M  let  fall^the.  perpendicular 
MK  upon  BK. 

Then  for  B  K*  the, proper  difference  of  Latitude, 
It  will  be,  by  Cafe  3.  ofReSlangdar  Trigonometry. 

R:  MB::S,BMK:BK. 

i.  e.  As  Radius     -     - ,  -    -    -    ,„    x  10.00000 

is  to  the  Diftartce    -       -     .156!    -  ^^193 12 

fo  is  the  Confine  of  the Courfe  35^,  40'  9.90976 

to  the  proper  diff.  of  .Lat.    -.    127      •  2.10290 

equal  to  2^,  07',  and  fihce  the  Ship  is  failing  from 
a  Northr LAtitifde  towardsth^ South)  tjierefi^e  the 
Latitude  come  to  will  be  47^,  53'  North.  Henc$ 
^e  meridicmal  difference  of  Latitvide:will  be  193.4. 
2.  Produce  BK  to  D,  till  BD  bp  .^qual  to  193^4; 
thro*  D  draw  D L  parallel  to  PilK,  meeting  DM 
produced  in  L ;  (hen  D  L  will  be  the  difrerence 
of  Longitude:  to  find  which  by  Calculation  ^  it  will 
\)Cj '  by  ^aje  t.  ^of-  R^angular  tr^anometrf.    ; ;    . 


*     •■%  -  # 


*      '         R:BD::r,LBD:Dt. 

i.e.  AsRadius^-'  ....  -  10.00000 
is  to  the  mericlibnal  diff.  of  Lat.  193.4  <-  2.28646 
fo  is  the  Tangeik  of  the  Courfe  35^,  40'  9.85594 
to  Min.  of  Dim  or  Long.  -  •  138.8  2.1 4240 
equal  to  2^,  I?',  48(/  Uie  difference  of  Longitude 
the  Ship  has  made  Wellerly. 


;     CASE    4. 

Given^  Course  and.  both  LatitudeSy  viz.  the  Latitude 
fail*  d  from  J  and  the  Latitude  come  tOj  to  find  the  Di^ 
fiance  failed,  and  the-  Difference  of  JLongitude. 

*      ■  •         •     .     '  '     - 

Example, 


.      Example. 

Suppofc  a  Ship  in  the  Latitude  of  54^t  *o^ 
North,  fails  South  33^^  45'Eaft,  until  by  Obfcr- 
vfetion  (he's  f^qjld  to  be  §n  the  Latitude  of  5 1^,  45' 
North.  Required  the  Difla&ce  faU'd,  and  the  dif- 
fbrence  of  Longitude* 

^  Geamitficalij^ 

Draw  AB»  to  r^prefent  the  Meridian  of  the  Ship 
in  die  firft  Latitude,  and  fct  off  from  A  to  B  155, 
the  Minutes  of  the  proper 
difference  of  Latitude,  alfo 
AG  equal  to  257.9  ^^  ^^^  ' 
nutes  of  the  enlarged  Diffe* 
rcnce  of  Latitude.  Thro*"  B 
and  G  draw  the  Lines  B  C 
and  G  K  perpendicular  to 
A  G ;  alfo  draw  AK  mak- 
ing withAGan  An^  crf^33^ 
45'  which  will  meet  the  two  B 
former  Lines  in  the  points  C  -. 
and  K ;  fo  the  Cafe  is  con-  ^ 
ftrufted,  and  A  C  land  GK  liiay  be  found  from  the 
line  of  equal  parts,  to  find  which 

■ 

Bf  Cakuiathn. 

Ftrfty  For  the  difference  of  Longitude  it  will  be, 
by  Cafe  i.  of  ReSiang^lar  Trigonometry. 

R:AG::T,  GAK.GK. 

4.  e.  As  Radius    -     .     «    .    •    -^    -.      xo.ooooo 
is  to  the  inlarg'ddiff.  ofLat.  -  257.9  -  2.41 145 

H  h  •  fo 
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fo  is  the  Tang,  of  the  Courfc  33®  45^  -  9.82489 
to  min.  of  DifF.  of  Longit.  -  172.3       -    2.23634 

equal  to2^,  52',.i8",  the  difference  of  Longitude 
the  Ship  has  made  Eafterly.' 

This  might  alfo  have  been  found,  by  firft  find- 
mg  the  Departure  B  C  ("by  Cafe  2.  of  Plain  SaiS^g) 
and  then  (by  Jri.  74.  Se£l.  i.)  it  would  be 

A B  :  B C  : :  A  G  :  GK.    The  difference  of 
Longitude  required. 

Then  for  the  direft  Diftance  A  C,  it  will  bej  by 
Cafe  2.  of  Re £1  angular  trigonometry. 

R:  AB:  :Scc.  A:  AC. 

■ 

/    ! 

i.  e.  As  Radiur       ;  -        -        -         -  10.00000 

is  to  the  proper  piff.  of  Lat.   -  155    *  2.19033 

fo  is  the  Secant  of  ^  the  Courfe     3  3  *^ ,  45 '  i  o,o8  01 5 

to  the  direft  Diftance    -    -      186.4    **  2.27048 

confequently  the  Ship  has  fail'd  South  33*^,  45' 
Eaft,  186.4  Miles,  and  has  differ'd  herLongi« 
tude2^,  52',  18"  Eafterly. 

C  A  S  E    5. 

'    Both  Latitudes  J  and  Diftance  fail%  given^  to  find 
the  direll  Courfe^  and  Difference  of  Longitude. 

Example. 

Suppofe  a  Ship  from  the  Latitude  of  45®,  26' 
North,  fails  between  Nordi  and  Eaft  195  Miles, 
and  then  by  Obfervation  ihe's  found  to  be  in  the 
Latitude  of  48^,  06' North.  Required  the  direft 
Courfe  and  difference  of  Longitude, 

Geometrtcally. 


Mercatinr's  Sailing. 
Geometrically. 
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Draw  AB  equal  to  i6o  the  proper  difFcrcince  of 
Latitude ,  and  from  the  point  B  raife  the  per- 
pendicular BD;  then  take 
195  in  your  ContipafTes  and 
fetting  one  foot  of  them  in 
A,  with  the  other  crofs  the 
line  BD  in  D.  Produce 
A  B  till  A  C  be  equal  to 
233.6  the  inlarg*d  differeijcie 
of  Latitude.  Thro*  C  draw 
CK  parallel  to  B  D,  meet- 
ing A  D  produced  in  K  i  fo 
die  Cafe  is  conftrufted,  and 
the  Angle  A  may  be  mea- 
fured  by  the  line  of  Chords,  and  C  K  by  the  line 
of  equal  parts.    To  find  which 

By  Calculation. 

Ftrft^  For  the  Angle  of  the  Courfe  B  A  D  it  will 
be>  (by  Cafe  5,  of  Reffangular  Trigonofnetry.) 

AB:R  ::  AD:Sec.  A.    i.e. 

« 

As  the  proper  plfF.  gfLat.     160    -     -  2.20412 

is  to  Radius    -.....-•  10.00000 

fo  is  the  Diftance      -    r    195     -     -  2.29003 

to  the  Sec.  of  the  Courfe     34'',  52/   -  10.08591 

which  becaufe  the  Sb}p  is  failing  between  North 
Eaft,  will  be  North  3 4^^,  52'^aft,  or  SEbS 
i^,  07'  Eafterly. 

Then  for  the  difference  of  Longitude  it  will  be, 
(by  Cafe  j.  of  Rectangular  Trigonometry.) 


Hh  2 


R: 


2i6 


l^ircater's  Soilmgl 

R  :AC::T,  A:CK. 


i.  ^.  As  Radius    -------*    lo.ooffoo 

is  to  the  merid.  difRof  Lat.  -  233.6  -  ^•3684^ 
fo  is  the  Tang,  of  the  Courfc  34?,  5a'  $-84307 
to  min.ofdiff.of  Long.       -     i6a.8   -  2.21154 

cqoal  to  2^,  42',  48''^  the  differcilcie  Of  L6ng^ 
tude  Eafterly. 

CASE     6. 

One  Latitude  J  Courfe^  and  tJiferena  of  Longitude^ 
given  J  to  find  the  other  Latitude j  and  Diftance  faiPd* 

ExaMpU. 

Suppofe  a  Ship  from  the  Latitude  of  48  «^^  ^o^ 
North,  fdls  South  34^3  40^  Weft,  tiU  her  diiFc- 
rence  of  Longitude  is  2^,  44^  Required  the  Lati- 
tude come  to,  and  the-Diftaacc  faii'd. 

Geometrically^ 

■^    I.  Dfaw  AE  to  reprcfent  the  Meridian  of  the 
Ship  in  the  firft  Latitude^   and  make  the  Angle 
:£  A.   EAC  equal  to  34^,  40', 

the  Angle  of  the  Courfc  •, 

then  draW  FC  pafallel  to 

AE,  at  the  difttnce  of  164 

the  Minutes  of  difference 

of  Longitude,   which  will 

nwet  AC  in   the  point  C. 

FjpomC  let  fall  upOT  AE 

j%  the  perpendicular  CE ;  then 

AEwUlbetheinlarg'ddif. 

,      fcrcncc  of  Latitude.  To  find 

^S,   which,  iy  Calculation  ft  will 


..  — ^ — ^  -  ^ 
be^  by  Cafe  1.  of  Re£f angular  Trigonometry^ 


T. 


T,  A  :  R  : :  GE  :  AE. 

f,  f.  As  the  Tang,  of  thcCouric  34^,  40'  -  9.83^84 
is  to  the  Radius  *•  -  -^  <  •  -  10.00006 
fo  is  min.  of  dlffTLong.  -  164  -  -  2.214&4 
to  the  inlarg'd  difF.  of  Lat.,    237.2     -     2.37500 

and  becaufc  the  Ship  19  failing  from  a  North  Latll 
nide  Southerly.  .  Therefore, 

From  the  merid.  pirtsof)      ^^o    ^^i       ^^^<i 
the  Latitude  failed  from  J     4«  ,  5o'    -  3366.9 

taketheidetididiflF.  of  Lat«      •    -    «    *     237*) 

and  there  remailli    -.i..^^<.«3i  tg.f 

the  meridional  parts  of  the  Latitude  come  to,  viz. 
469,  09/. 

Hence  for  the  proper  difference  of  Latitude, 

From  the  Latitude  faiPd  from      -     48^,  50'  N 
take  the  Latitude  come  to     -     -     46  ,  09  N 

and  the  remains    -.-.-«'<•     2  ,  41 

equal  to  161,  the  Minutes  of  difference  of  Latii» 
tude. 

2.  Set  off*  upon  A  E  the  length  A  D  equal  to 
161  the  proper  difference  of  Latitude,  and  thro'  D 
draw  DB  parallel  to  C£;  then  A B  will  be  the  direft 
Diftancc.  To  find  which,  by  Calculation  it  will  be, 
by  Cafe  2.  of  Re£langular  Trigonometry^ 

R:  AD::  Sec  A  :  AB. 

i  e.  As  Radius  .  -  -  -  -  -  10.00003 
is  to  Ae  proper  diff".  of  Lat.  i6i  -^  H.tk^^ 
fbisditfSetoftheCbiiffe  -  34^*,  4<*'  io.o»48« 
tothcdhrc^dtDiffctftrt    -    -     195.8  -    2\2^i7t 

CASE    7- 


ias 
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CASE    7. 


One  Latitude^  Courfi  and  Departure  pven^  to  find 
the  other  Latitude^  J)ijiance  faiPd  and  Difference  of 
Longitude. 

Example. 

Suppofe  a  Ship  fails  from  the  Latitude  of  54?, 
3|6'  North,  South  42?,  33'  Eaft,  until  Ihe  has 
made  of  Departure  116  Miles.  Regiiired  the  Lati< 
tude  fhe  is  in,  her  direft  Diftance  faiPd,  and  how 
inuch  fhc  h^s  alter'd  her  LtOngitude. 

Geometrically. 

I.  Having  drawn  the  Meridian  A  6,  make  the 
Angle  BAD  equal  to  42^,  33 ^    Draw  F  D  pa- 


rallcl  to  A  B  at  the  Diftance  of  116,  which  will 
meet  A  D  in  D.  Let  fall  upon  A  B  the  perncn-* 
dicular  DB,    Then  AB  will  be  the  proper  PiSe- 

rcnce 


MifCAUfs  Sailing.  939 

Mnce  of  Latitude,  and  A  D  die  dircft  Diftancc, 
to  find  which)  h'j  Calculation ;  firft,  for  the  Diftancc 
A  D  it  will  be,  by  Caje  2.of  ReSangular  Trigonometry. 

S,  A:BD::R:AD. 

i.  e.  As  theSine  6f  the  Courfe  42^,  33'  9.83010 

is  to  the  Departure       -     -  116      -  2.06446 

ibis  Radius     >     -  -       -  •        .  10.00000 

to  the  direft  Diftancc     -    -  17 1.5    -  2.23436 

Then  for  the  proper  difierence  of  Latitude  it  will 
be,  by  Cafe  i.  of  Re ff angular  Trigonometry^ 

T,  A:BD::R:AB. 

i.e.  As  the  Tang,  of  the  Courfe  42^,  33'  9.96281 
is  to  the  Departure  -  •  -  a  16  -  2.06446 
fo  is  Radius  -.....^--  laooood 
to  the  proper  diflT.;  of  Lat     ^     126.4   -  2.1 01 65 

ccjual  to  2^,  6',  confequently  the  Ship  has  come 
to  the  Latitude  of  52^,  30'  North,  and  fo  the 
meridional  difference  of  Latitude  will  b^  212.2. 

2.  Produce  AB  to  E,  till  AE  be  equal  to 
212.2;  and  thro*  E  draw  EC  parallel  to  BD, 
meetmg  AD  produced  in  C;  Then  EC  will  bo 
the  difference  of  Longitude,  to  find  which,  by 
Calculation  it  will  be,  by  Cafe  i.  of  ReSlangukr 
Trigonometry^ 

R:AE::T,  A:EC 

i.e.  As  Radius  -  -  -  «  .  10.00000 
is  to  th^  mcrid.  diff.  of  Lat.  -  212.2  -  2.32675 
fo  is  the  Tang,  of  the  Courfe  42^,  33'  9.96281 
to  the  min.  of  diff.  of  Long.  -  194.8   -     2.28956 

.  equal  to3%  14/,  48'/,  the  difference  of  Longi- 
tude  Eafterly.  i 

This 


,  -This  might  have  heeA  fQiin4  bcberwife  %  cfatu^ 
becaufe  the  Triapgliss ;  A C£» \A D Q^  am  iimilary 
tljerefore  (by  Art.  74.  5^^,  i.>  it^ii^l,  be 

AB:BD::AE:f:C 

i.e.  As  the  proper  diff.  of  Lat.  -  126.4  -  2.101 65 
i$  to  the  Uep^we  -  -  W/liS  ^  2.0^446 
fo  is  the  inlargM  difi;4>f  Lat.  t  912.?  *  ^•27^6 js 
t9  Olio,  diff  of  Long.    ^    -    -    194.^  ^  9.z^^6 

CASE     8. 

£<7/i&  Lfititndes  and  ]>eparture  ffpen^  to  find  Qwfii 
Diftance  and  Difference  of  Longitude. 

Example. 

T 

Sappofe  a  Ship  from  the  Latitade  of  46^,  20^ 
North,  fails-  between  South  and  Weft,  till  fhe  has 
made  of  Departure  126.4  Mile^;.  and  is  then  fouad 
by  Obferva^on  to  be  in  tb^  Latitude  of  43^,  3;' 
North.  Required  the  Courfq  »nd  Diftance  f^il  u, 
and  difference  of  Longitude* 

Geometricdllf. 

# 

Draw  A  K  to  reprefent  the  Meridian  of  the  Ship 

in  her  firft  Latitiide,  fet  of* 
upon  it  AC,  equal  to  165, 
the  proper  difference  of  Lati« 
tude.  Draw  BC  perpendi- 
cular to  AC,  equal  to  126.4 
the  Departure,  and  join  A  B. 
Set  off  from  A,  A  K  equal 
to  233.3,  the  inlarg'd  difib- 
fence  of  Latitude,  and  thro* 
K  K  drawKD  parallel  to  BC, 
meeting  A  B  product  in  D  i^  fo  die  Cafe  is  con- 

ftrufted. 


ftruAed,  and  D  K  will  be  the  difference  of  Longt* 
tudc,  AB  tEe'tHftancc^^ahd  -fhe  Angle  A  the 
OMirfe',  tofiikdirfaich' 

B/Cakuldfim 

Ftrfi^  For  DKlhc  ^iilerenoc  of  Longitude,  it 
will  be  Cby  Art.y/^  Se£i.  i.) 

ACtCB::AK:iCD;     > 

i.  e.  As  the  proper  diflF.  of  Lat.  165  -  d.ity^H 
is  to  the  Departure  7  v»  -  A-  126,4  -  2,ioi75 
fo  is  the  inlarg*ddi£  of  Lat.  -  233.3  -  ^•3679X 
tomb,  of  diff,  of  Long.    ^'  •  ^7^*7  ^'2:15^^18 

equAl»i%  58',  42W/ 'the  difference  of  Lonfei- 
ti^de  Wefterly.         -"''-  -'''         *" 

Then  for  the  Courfe  it  will  be,  (by  C»ft%vf'RtiH. 
at^ttlar  Trigonometry  ^) 

AC:BC::R:T,  A. 


\    * »    * 


ie^'Astbe  proper  diff.  of  Lat«  16s    ^  ^   2.21748 

istoD^rcure    -    <  «    «.     12:6.4    •    2.10175 

.£>  is  Radius       *      -<       -      -      -       laobopo 

,t«idieTa*ig,ofdieCburre.  37^27'  r  9.884817 

which  becaufe  tlie  Ship  fails  between  South  and 
Weft,  wiB  be  South  :37^,  27^  Weft,-^  S  WiS 

«*,  .30' Wcfteriy. 


I  { 


» «   -. 


ttajttyy  Fnit  the  DUbnCe  AB,  it  will  be,  OiYGa/e  2. 
4f  R^impHar  ^i^mtrj^y    ,  ^: 


»  • 


S,  A:BC::R:A6. 


li  L  e. 


242 


MereHoft  SaHi$ig, 


t      t^L. 


i.e.  As  the.Sinc  of  dip  Cqwj^mk  f^f.7  ^  tiJ9'7^39S 
is  to  the  Departure  -  -.:  ;  126.4  [  ^i  ^^Q^v/S 
fo  is  Radius  -  *  -  -  10.00000 
to  the  dircfl:  Diftance  .«/\./-.  ^297.9     -    2.31780 


C  A  S  'E-  "9« 


T  r^ 


I't.' 


♦' 


One  Latitude^  Diftance  fail* d^  and  Departure  given^ 
to  find  the  other  Latitudi^  D^^nc^^  of.  Longitude  and 
Courfe. 

;  Example.       •  /. 

Suppo(e  a  Ship  in  the  latitude  of  48^,  33' 
North,  fails  bj^tween  SQ^th  ^d.Eaft  138  Miles,  and 
has  then  made  of  Departui-e  112.6.  Required  the 
^Latitude  come  to,  the  direft  Courfe  and  difference 
of  Longitude.>  >  ** 


f  •  I 


Geometrically. 


•  \ 


»    •»«        •    -  

I .  Draw  B  D  for  the  Meridian  of  the  Ship  at  B^^ 
]g  -pii      . .  J  . .  and  parallel  to  it  draw 

<   F  £,  at  the  'Diftance  of 

1 1 2«6,    the . .  Departure. 

'  Take  136,  the  diftance, 

'  in  your  Compafies,  and 

fixing  one  point  of  them 

In  B,    widi  the   otber 

crofs  the  line  F  £  in  the 

.  .w  .•  .  ^  ••  K>*"^  E»  ^W  join  B 
and£,  and  from  £  let  fall  upon  BD  the  perpen- 
dicular ED;  fo  B  D  will  be  the  proper  difference 
fo  Latitude,  and  the.  Angle  B,  will  be  the  Courfe  s 
to  find  which,  byCalculation.  " 


Ftrfi, 


>  Ftrft^  Far  the  Courft  it  will  be,   Coj  ^afe'i,  of 

BE:R::DE:S,  B. 

i€.  AstheDiftance  '  -~  -r  138   '^•-  2.13988- 

is  to  Radius        -         -        -        -  10.00000 

fo  is  the  Departure        -         1 12.6     -  2.05154 

to  the  Sine  of  theCourfe  -     54^,  41'  9.91 166 

which  becaufe  the  Ship  fails  between  South  and 
Eaft,  will  be  South  54^  41'  Eaft,  ©r'SE  9^, 
4i/Eafferl7. 

Then  for  the  difference  of  Latitude  it  will  be,  (by- 
-  Cafe  3.  of  Re^angulaf  jyigonometry.), 

R:BE::C6iS,  B  :  BD. 


A.  i 


u  e.  As  Radius  ^  ^  *  -  •  10.00000 
is  to  the 'Diftance  -  -  -  138  -  -  2.13988 
fo  is  the  Co-fine  of  the  Cdurfe  54^,  41'  9.76200 
to  the  difF.  of  Lat.    -    -    -    79.8     -     1*90188" 

equil  to  1.^5  19'.  Conftquently  the  Ship  has  come 
to  the 'Latitude  of  47^,  13'.  I)ence  the  meridip- 
nal  difference  of  Latitude  will  b?  1 17.7. 

2.  Produce  B  to  A,  till  B  A  be  equal  to  117.7/ 
and  thro*  A  draw  A  G  parallel  to  u  E,  jneeting 
BE  produced  }n  G;  then  AG  will  be  the  difference 
of  Longitude,  to  find  which,  by  Calculation  it  will 
^c  (by  Jrt.  74.  Seil.  i .) 


"<r        <•«      ^ 


BD:DEt:BA:  AC. 

i.  e.  As  the  proper  difi;  of  Lat.  79.8  t  i:90i88 

is  to  the  Departure  .  •     -;  112:6  -^  '2.05154 

ip  ii  the  idargM  diff.  of  Lat.  1  i 7.7  :'  ?'.b7078 

'                              I  i  2  "  to 


a44  MfTfoUr'^SofU^l 

to  th^  j5iff.  of  Long.    •    -     i^^.i :  :*  i  ^^^^^44 

equal  to  2^,  46^  o6ff^  ri\c  di&ronce  of  XiM^^ 
tude  Eaftcrly. 

9.  From  what  has  been  faid,  it  will  be  eafy  to 
folve  a  Tr^wr/^  according  to -the  Rules  6£  W^rtor^j- 

Suppofe  a  Ship  at  the  Uzari  19  the  Lai^tixle  of 
50^,  00'  Norths  is  bound  to  the  Maden^  Vin.  the 
Latitude  of  32®,  20' North,  the  difference  oF  Lon- 
gitude bat^Bfeen  them,  being  11^,  40'  the  Weft 
end  of  the  Madera^  lying  fo  much  to  the  Weftward 
o(tht  IJzardj  and  cohfequently  the  dire£ii  Courfe 
and  Diftance  fby  Cafe  2^  oftlmSeSfi)  is  South  26^, 
IS'  Weft  1181.9  Miles;  but  by  reafon  of  the 
Winds  ihe  is  forced  to  fail  on  the  folloiildii&  COuiiie^ 
(aUowa.Qce  being  made  for  Leeway  and  Vana^ion, 
(^c.)  viz.  SSW  44 Miles,  S^Wi  Weft  s^MUw, 
SW^3  56Miles^  and  SbE  28  Miles.  Reqtnred 
the  Latitude  the  Sh^  i%  in,  her  Bearing  and  Dif* 
tance  from  ;he  Lizard^  and  her  direft  Courfc  and 
Diftance  from  the  Madera f  at  the  end  of  theff  Courf^. 

The  Geometrical  ConftruSlion  of  this  ^raverfe^  is 
perforfn'd  by  Uying  down  the  two  Ports  accord- 
ing  to  Conftroftion  of  Cafe  2.  of  this  Self.  *  and  the 
feveral  Courfes  and  Diftances  according  to  Cafe  3* 
by  which  wc  have  the  following  Solution  by  Cair 
etilation. 

r.  Courfe  SSW,  Diftance  44 -Miles. 
For  Difference  of  Latitude 

r 
»  t       •        »    '         ■ 

I 

As  Radius ,      "        ;       '      •       •       lo.ooooo 
is  to  the  Diftanci^    -*    -    -    44    -     -     {.6434^ 


ib  it  the  Co-fine  pf  cheCourfe  22^,  30'  «  9.9656a 
•to  AediKofl^i:.    -    -    -    40.65    -    1.60907 

and  iince'theXourfe  is  Southerly^  therefore  the 
tadtade  come  t;o  m\\  be  49^,  20'  North,  and 
confeqqently  the  m^dumal  difference  of  Latitude 
wiUbe6i^.    Then 

For  Difference  of  Longitude. 

As  Radius    --.- 10.00000 

is  to  the  inlarg'd  diflF.  of  Lat.  6 1 .8  -  1.79099 
fois  the  T^ng.  pfthc  Courfe  aa^>  30^  9.62722 
tomiaiOfdifflofLong.    -    -    25.6    •    1.40821 

2.  Courfe  S  J  W  i  Weft,    Diftance  36  Miles. 
For  Difference  of  Latitude. 

As  Radius    .-.-------     10.00000 

is  to  the  Diftance  -  •  -  36  -  -  1.55630 
fd  is  the  Co-fine  of  the  Courfe  16®,  a  2'  •  9.98090 
to  tb^  diflT.  of  Latitude    •    •  34.40     -    1.53720 

and  fince  the  Courfe  is  Southerly,  therefore  the 
Latitude  come  to  will  be  48^,  45'.  Hence  the 
meridional  difference  of  Latitude  will  be  53.4 
Then, 

For  the  Di%rence  of  Longitude. 

» •      «    ^  ■  • 

As  Radius  -'  -  ,  w  -  "-  ,  10.00000 
is  to  the  inlarg'd  difil  of  Lac.  52 .4  -  1.72754 
fo  is  the  Tang.  oiF the  Courfe  10*,  52' -  5.48 171 
to  Ae  diE  of  Loiig.    -     -    16.19     -    1.20925 

^    .    $.  Courfe  SWiS,  Diftance  56  Mibs. 

For  Diffidence  of  Latitude* 


A» 


I 


\ 


24^6  Mereator's  Sailing. 

As  Radius         -        -        L  ^  -  ^     -    ioxy6o6o 

is  to  the  Diftance     -        -  5^  *     -       i  .748  rp 

fo  is  the  Co-fine  of  the  Courfe  33  9,  45/  9.91985 

to  the  diff.  of  Lat.     -    .     -  46^.56    -    i*€68o4 

confequently  the  Latitude  come  to  is  47^,  59^ 
and  therefore  the  inlarg*d  difference  of  Latitude 
will  be  69.2.     Then 

For  Difference  of  Longitude. . 

As  Radius  -  -.  r*  -  ^  10.00000 
is  to  the  inlarg'd  diff.  of  Lat.  69.2  *  -  -  i. 84011 
fo  is  the  Tang,  of  the  Courfe  33^,45'  -  9.82489 
to  the  diff.  of  Long,    -    .  .46.24      -      1.66500 

4.  Courfe  S  i  E,  Diftance  28  Miles. 
For  Difference  of  Latitude. 

m 
9 

As  Radius  -  -  -  ^  -  10.00000 
is  to  the  Diftance  -  -  -  558  -  -  1,44716 
fo  is  the  Co-fine  of  the  Courfe  11^,  15'  -  9-99157 
to  the  diff.  of  Lat.    ^    -    -     27.46    .     1*43873 

confequently  the  Latitude  come  to  will  be  47^,  31', 
and  hence'  the  meridional  .difference  of  }i<atitttde 
will  be  43.2.    Then 

.  For  difference  of  Longitude, 

A3  Radius  -  ...  -  10.90009 
.  is  to  the  inlarg'd  djlF..  ofL^t.  \^^j, '  -  ^^354.^ 
**,fo  is  the  Tang,  of  ^c  Coijrfe  ji^,  15'  9.998^6 
j^  the  diff.  of  J^yong.         -      .  8,5^      -    0193.414 

Now  thcfe  fcyeral  Courfes  and  Diftances  toge- 
ther with  the  difference  of  'Latitude  ^nd  £!.Qng^tude 
belong  to  each  of  them,  being  fetdewn  in  their 
proper  Columns  in  che  Traver/e  Table^  will  ftand 
a^  follows. 

Courfi 


locator's  Sailit^l 


347 


r 


^f^ifm 


Diff.  ofLat.     I     Dif.ofLongii. 


Kkurff      '  Di/i.  I    N 


\     E         \  fF 


SSW 
S.WiS   - 


t 


40.65 

3446 
46.56  t- 

27.46 


859 


25.0 

16.19 

46.24 


1- 


Diff.BfUt.^    ^^.149^3]    8.59 


T 


I  >  < 


88.03 

8.(J9 


Diff,  of  long.    79^44 


^  ^  *  ' 

Hence  it  is  plain  that  the  Ship  has  made  of 
Southing  149.13  Minutes,  and  confi^quently  has 
cothe  to  the  Latitude  of  47^,  3r'''N6rth,  and  fb 
the ,  meridional  difference  of  Latitude  between  that 
and^  her. firil  Latitude,  will  be  226^1  ;  and  fince  fhe 
has  made  of  difference  of  .Longitude  79.44  Minutes 
Wefterly  ;  therefore  fot  the  direft.Courfe  and  Di- 
ftance  between  the  Lizard  and  the  Ship,  it  will  be, 
(by  Cafe' 2.  of  tbh  SeSlion) 


>■,     t'.r 


..  T 


For  theldiDeft  Courfe; 


.  •  I 


'/  » 


1       .  «• 


As  the  merid.  difF.  of  Lat.     226.1     -    -    2.35430 
;is  to  Radius  "  i'4  i  .t 


j^  .  , .  I  ••  /  '    *5  .•  J  J :/ 


. :;  lo.ooooa 
fo  is  the  diff.  oClliOng^  ,^  .7944  r---  *  1-90004 
to  the  Tang,  of  the  Courfc  19®,  22'    -    9.54574 

which  becaufe  the  difference  of  Latitude  is  Souther- 
ly, and  the  difference  of  Longitude  Wefterly,  will 
bt  South  19^,  22^  Weft,  OF  S  *  W  fiV  07/  Wftft* 
ftcriy.    Then    .  ....  c: 

For  the  direfl:  Diftahce.  ^ 


As  Radius        -      -       -      -      -      - 

is  to  the  proper  diff.  of  Lat.   149.13 
fo  is  the  Sec:  of  the  Courfe     ig"",  22' 
to  the  direft  Diftance     -      158    -^ 


10.00000 
2,i7jj^9 

1 0.025  3«^ 
2.1987^ 
From 


i4«  Mercatofs  S^ing. 

From  the  Latitude  the  Ship  is  in    •    47^*   31^  N 
'"  fubtrafl:  the  Lat.  of  the  Madera  -  3«  ,    10  .N 

and  there  remaims    «        -    *    *    15  «    tl 

equal  t6  911  ^nutes,  the  pmper  difference ;  of 
Latitude  between  the  Ship  and  the  MaiitJa^  \ 

Again  from  the  merid.  parts  ahfWc- 1  i 

ring  to  the  Lat.  the  Ship  is  in     -     J      "3  ^4^ -4 

Take  the  meridional  parts  anfwcring  7 
to  die  Latitude  of  the  Madera     -  J  2052.0 

and  there  remains  -  -  -  -,  -  -  -  i  I5>p.4 
the  inlarg'd  difference  of  Ljtitil^e  between  j||^p^ 
Ship  and  the  ikbifr^.  V   1 

Aifo,  From  the  diff.  of  Lidng.      1     *  oj:     1  "tkr  -  ' 
.between  the  Iaz.  and  the  Madera  \        f  ^  .  i 

Take  the  difffertncc  of  Long.     >    .  4*"«r 

•between  theli24r<f  andthcShip  f ---LliL^JS' 

and  there  remains    ...    -       10  ,  20,^  W 

equal  to  620.56  Minutes  of  diSerfence  of  Longi* 
tude  between  the  Ship  and  the  Madera  WeftcrTy. 

Then  for  the  -direS:  Courfe  -and  Diftance  betweeii 
the  Ship  and;th<  M&dera^  icwiU  be 


t 


»  ^  J 


For  the  dire£i;  Courfe. , 

•  <  > « 

As  the  merid.  difi;  of  \ai.    i^^«4.     v .  3*0; 
is  to  Radius     -.....-.,  10.00090  ^ 
ip  is  the  difF.  of  Long.    -    620.56     -     2.79278 
fi9  the  Tang,  of  the  Courfe  27^,  25^    -    97 1490 

For  the  direft  Diftance. 

AslUdius       -       •       -       -       -      io«ooooo 
is  to  the  proper  difi;  of  Lat^    911     -      2.9^5^ 

fo 


td:ih<r'dire£b.DiftaRee!    -    -'   1627  .,-'     3.6111a 


•    1 


o 


lOi  It  ii viity  coffimoni  iH'^Wjrking  aD^yVRec-' 
koiliiig  m^,  to  find'  dbe  Diffisi-^ce  bPL^titude' 
and>]^imti«  to  e^'GdertV'^cl  pldifthce,  and- 
addifail  afl  thtiJitpsttmti&i^^r^  aM  all  the  Dif- 
ftrtbttt.  of  LAtit!udek  toi  thJwhOle  Di^tqte  an)^ 
^mSttaict  Latitude  ttadi  good  Mk  -  Daf  i'  fik>{t^> 
dietMe  tby'Gt^e  8.  of  t}^  S^<^y  to  ^nd>  t&fe  differ' 
tkatk'Qf'lMit^tMty-^ct  ritd^'gbbdtliii^I^y;  Now 

th^ditb  ftsttod  is  falft>  will  evidehliy' aiji^ilar,  if 
we  confider  that  the  (ame  Departure  reckon'd'  oa* 
two  di&^riiif'Pai^ibl&  Will  ii1«  Miiqi^l  dif^rfenees  of 
I^u^knde } 'atid  conf^qubrttif  Wh^it  ftVidi^  Depar^- 
tximAA46d^mdcd  cogeth^f  aAd  rkkoFd  on  the* 
Cftilt«!''ii^Hlld^  thifc  dil^feiite  of  Lorigit^die  refDlt- 
ing-fnoiii'diiti  attti&is  t>6  ^kt  f^nie  With^  th&  fub  of 
the  difiSf«@ui^  of  LoA^filde  HHtiltihg  hotk  the  fever 

Tai>tbep9rix^m6A  <fifiisi«tteP«^lds  1  and  'diei%{bpfe,' 

I  hivt-kiiSoCigiinihe  hit  £xAMpU  of  a  TrU'der^;  to 
flttd^thr^fefifiKrd  ol  iLoitgifilde  ai^fwtirtng-  tO  each 
particular  Courfe  and  Diftahce,  iM"(SSi:6f  yrhicK' 
itoidl  &i!t^e' triie  difll^rei«beOf  Eong^^  tttadi  good 
by  the  Ship  Ott  th«fe  lieVefal'CouHes  ahci  Biibinces;- 

Pt.  Wefli^'dat«4>fv4i>ofthis^f^?fi«i  ftoW  to 
conftniift  a'  Mtt^iaUn/^s-Ckm^  atid  nOW< We  fhkli  pro- 
ceed to  its  ieitSiX  Uf($'}  ie<Siitiiffl*d  in  thfc  following 
PraMtSi    •■  •  .   -    '..  '  ■•••  ^--  •     '■  ..••■"■  '■'■■ 

Prob.  I.  Let  it  be  required  to  lay  do^h  a  pjace^ 
ttpdn  ito  Ci»^/,  itfi  LitifUdtf^  and  tfie  difi^rence^  of 
IxiM^de  becwetfh  it,  aUd.&iri^  knoWii  plice  up-' 
on  die  €iP^rb<^irtg  giv^fl. 

EMmpk.  Lee  the  kn6^ti  phc6  h6  the  Lizard^- 
lying  on  the  Parallel  of  50^,  00'  Noith^  and  th^ 
place  do  be  laid  down  Sl  Kaiberines^  on  the  ealt 
Coaft  of  jifHitka^  differing  in  Longitude  from  the 
Uzard  42^^  Gi6\  lying  fo  much  to  the  Welbrari 

of  it. 

Kk  Let 


.  I^et  Lrcprefent  the.  UmrA:<^:^  Gb(«A$  (fee 

*  J^late  i.\  lying'on  the  Parallels)!"  5Q^^  Pof.NQfthi 

its  Meriaian  AE. '  Set  off  from  E  upon  the  Equa- 

toc.EQ.4t;^%  ^6'^  |:<*^«tcfe.-Q^»  whicii.  5*ilt  rffjich 

from  E  tovf .' :  T4ii]aVFt  dra^^tiie^^widmn:  PG,' 

ajTid  thi^'WU]  be  ?h^  Mpf340n,frfi?/4^^6fri»^^^ 

ict  qtf  frqrai  .Q^to.  H  u^n:lfe9^;gradUa«eii  IVle!gdi»i)i). 

of  >I^.atiti^cj  IJr]54^  r:ivhich.;  wiil  meet:..Acb,fo«ncr.. 

Mcridiai)j  ifl^.l^  cfhe  pfeccj  ^^Jjc^rti-die  Q^^/^-riJqwwH; 

,x^Pr(?^7  gQQvvpa  two.^Qf ^  upqn:th^<i^ri;itp;6iodT 

dieir  iifetjei^eia.jf  Iy%t<6(^e  ^l|jdiffQrejRg$rfif  ZU^gl-  * 

th^xvjtke  j^ili^toce  betw^&A,  th^te  parallels:  i^iim\^^A\ 
in  D^grf^Sjapri  :M *ftut*$  u|^  the.  gr:afJi«li«e4ifi4epiri 
dUn^  jvUljDe,the]fliifepei«:^;/of;.I^  ;. 

and  thro.V  t$e .  jCwo,:]j}aQe$  tdra^wng  Mwdiws^i  .the' 
diftancci  .b.6tiYeeii*'t$$^e.!x;Q^i^^  in-  £)i$gr<e;0$;'^nd' 
Minut^'on  \^^  ^UWWi  QR W  gr^dqafieid  P^Uq^t 
Y(in  be  Ae-diffeTenGft*oALc«git4^<te:*ei^p4^ 
.  Pro^^j^  ^T^O;.fifld  the  bearingtof  one  pU^edfrQin. 
^npther,^jgRonk:the-C^^^^  L,  .  t  :../J  »:.:; 

Example  JlQ^uif^i  tbe;.  bearing*  of  ShKath^met 
at  K,7<(ee  j^Ai^  i:-XCf^>  «b^Xi?;^ii  a«ir* . , :  .  :    • , 

ipraw  th<;  Me^dian  of  the*  Zi«5/»r^  .AE>  ^d  join 
K  and  )Ll with,. ^^  right )ine'JCli>  jthdi*  byjthfiJtiaC) 
of  Chords  -ipeafuijr\g,tbejApgte.JK.LE^  and  ^ith 
that  entering  the  Table  at  Page  156,  we  fhadl  have 
the  thing i-equired.T  b^^^i,  .,.    .    .1  3:.;     .    •     ; 

This  may^  alfo  :\f^  dpfleirby  having  ^Cooapaflca 
drawn  pn  the.  Q^r/  (i^pppfe  at  two  oOts  Corners) 
then  lay  the  edge  of  a  Ruler  ovef.  the.  two-  pfaces* 
and  let  fall  a  perpendicular^  or  take*  the  .neareft 
diilance,  from. the <3ent3er  of  thje  CoiDi^  next  the 
fird  place^jto  the  Rulers  edge;  then  with  this  dif- 
tance  in  your  Compaflfes  Aide  them  ak>ng .  by  the 
Ruler's^ e^gS^;kceping  one,  foot.of  them  cloie  to 

the 


This  Pi:««^«id»les«6F«ctarf<?rf^JV  ki^rdifig  tof 
did  (kuaeidnnof  ti«i  e«tti»^^««P»,  ^jtU  r^&:^to  dne 
amithef.i^bni'')!:  tiii  :Jon  vi>rii  brj'^  ,^'\:.L'r.?-  •••n:   •^"  £ 

lSBtweonfi4»^iricojMiiwlcb.ii-S  /tv».2  -jiii  v.of  J  p.t 

fame  Meridian.  .t:::ij;i:  '  v'U 

1  i  Drak^iAedBamlleteidf  tialfiivlk<fei;  .^^^  ^e  De* 
giicesi^ff^ii^lgrddaatediMetldiadj  toee»?epcd(i4be^ 

tiiteeir  ^ofei^ar^la^fibdubed  to  J^iA^  giv6  thV 
BfftafiC6finisiuired.::^v  axi  ric  as  ^-r-rho  t^n:?  ,^:  s:'t!\j 

FbtilU;  nib*'  fM'Osd  Ilrw  r- '.*";/ cc*  ?:fnji    -.irrn 

Example.  Required  to  find  theBiftMCe  ^bdttreeur 
die  pi^nrnKian^fM/xt^]^  Jfe  the 

Parallel  of  28^,  go'  North.  Takeorfroiif-^<ktte 
it^aleithd  Qkdrd  iof '6o9pot-  &adiuf 'iii  yukir  <36^- 
paifeSy^Tuid  \Hth  i thaDi^e^mit?  eti  fiQ't^t4  ar  SlTcv 
make  the  Ifofceles  Triangle  KPN  ;  thent"?flce  fronv 
the^liiieiofuSftie^  toe^So^iine'of 'tfeJuatitude,  or 
Sue  olHft)?,  iaadfeb  ikat.':ofS  ftom')I«tb  S^and  Ti; 
JoinS^iddaiC  withfithari^hbline  STvi^aiid  tfcat  ap-' 
ptied^to  the  graxttis^t^di £q<iiai:or  wilhJgive  'the  De-» 
goees-^iidiN^nutes  Of^  ;p>ime  EHftance  \' 

which,  'a>ii28trted  iritoAiiiacesj'-^  ivil|'Bb' the  *ll>iftance' 
required.'  '\   t?'*^   r- ' «/'      v^)         ^' 

if  the  ReafoGT  of  d^isiiisi'^vlikn;}  from'<J{^  8.  for  it' 
has  been  there  demonftrated,  that  Radius  is 40  the 
Co-flne  of  any  Parallel;'^  a«i  the  fcrigtlr  of  •  ahy  Arch 
on  the  Equarpr,'  to  the  lei^gch  of  V)iq  i&'ma  Arch  bn> 

Kk  2  th« 


the  Equator,  and  lincc  in  the  Triangle  PNKv^T\ 
Coniequentiy  TS  will  be  the  JDdftanot^af '^e^^jIMfe 

JS' dbe  Fiiri^kl!  tlie  ,v»9i^f^s^0m  Im  on^ite^iotl  fti^ 
from  the  Equator,  and  they  not  far  afunderjo^ihflit 
theirr^ft^ftv^'nmy  ^.f^iiti^;|ha&  Tiifific  the  £liif- 
tance  between  them  in  vour  CompafTes,    aocfcugp^ 

y  th9«.to.t^0  ^^i^MOMimirfo: ^  ^Mi  idne 
t  rw^K ^  :^;n)aay  ;NfkHitfls  abovdy.  Mt%j6iher^ 
is  below  the  given  Par^d^iiifdthc  ^i^mesand! 
Mhii¥ro6  iiiMcepted^  jc^ood  ta  Mimitcs,  vritt  g^e 
the  Diftance.  ;  h  :'•  \.r./.: 

Or>ib nm  ^.Ho &luiiil)hu8:  Take:  Hheieiigth 
of rii . £brgCM^  the Meridiaaat  the  gi^ndP^xftriy 

place  to  the  other,  as  oft  as  you  caav^tlleQ^^asrdA 
aiTifihatbifa^tmt  iil  Q(iott(i|i'd  ^be6«{eeQL  thtf /phpce^i^  fo 
many  times  6o  MUes  will  be  contained  in  thii  *  Bif* 

f^ J(?^4.  'WihitiiDthc  pha^^ffkr  bbdiriinlliongittide 
ami XittUuae«.  •  <;. .-  •  -I  '''.        ' .    '••'•  ij'/*  •  -' • 

1^*ftahce  berirte6  die  twiSbfdaecs  a  anid/  ^rii{)Qa  the* 
Ciart.  '-.Byjrr  .:•  /  'I  .-i.  -  !.v;  •  •  -  v  •:■'•<  ./  -. 
'  Pr^K  ^.  ;£imitheLtJi&reii()e^  LatiOide  hBtiireea< 
th<:ni>  :and<tafee  that  inuyom  ContpaiT^s  cftdin  tte' 
gr^duAiied  &qu'ltQr,  ripliidt'fet.off  oiv  ffiei  MdSdiacii 
G^/^  iiioni<  ii^d  [ft  ;  th/em^  tirb^  bfixw  h•t^  parliiMt 
toi^>f^  and  tafcing  4cm>y^rdQmnpa&89  ^a^iyitto^ 
thjT  gradu^cejd'JBcJUarofr  andikr^llJhowdur  £)c^ree9 
and  Minutes  contained  in  the  Diftance  required^ 
which  Aa)d|>]ted  by  60  wfll^-^ve  die  Miles  .of 

Diftancci  .1;:  :;>:'.  ..-.!/;':-   •  •    r         '.     ♦ 

The  Realbnjff  jfeiS'iseVidbnt  from  Art  8.  of 
this  Sc&i  for  ;aa  {^4in  1  ^  is  che  iolarg'd  difference 

: .  s   :;  I:  of 


i)9y  «' 


PnJ?.  $,  Ta^Y,.^^]^:  place ^ijgm  «he  Ciarf, 
Hrf .I^i«D4e  vulBquriig,  %»^  /oMf;  -JEiK>wn  pi^ 

WB«i)  Ji»»yvg'  tfel^  Cojilfe.  *nd  piSfrcwe  of  LaJtir 
tude  that  a  Ship  has  imde,  to  lay  down  j^e  f  un« 
m^M  the  ^Ijfip,.  *ijd  4qd  her  pHace  jupon  fhe 

CM:A  ,         ..       ■■-..■  ^  ■ 

:■  EMfH^e:  A  3^ip:fi«Mg  ijhe  X«Mr<i  in  the  Ij*?i, 
tude  of  50?,  qq(  N«r^  fails  SS  W  d^t  ^  h^ 
4iifer*4  Mr  lA^m^S^-.a  4P'.  t  RAqw';^  t*cr  pk(;c 

CoMiijC  ftow.Ae  vifW^^  at  t^,ii09,=tl\^giadu4te4 
MeriMoH  dowBWftrife  {BSPWfe  ^Cfi^  >?  Southeffr 
tji) -56?!,  ^4©'  jJ9  g  >  dir^*  whicji  drsmr.(^  parallel  of 
Mm^:.  a*a€h  Wilbe  the.  pari»M?l.  t§p  Shipp^  i| 
in }  dien  from  L'draw  a  SS  W  line  12 fy  cutinsdif 

li«wrti^.i»t^l«l  4i»-/*^wJ  tljjs  wMl  j^  -the  iS^p's 
p|»c^T«p0o7thieX?**r/,        :         /l^.     ,  .    y 

;  i»mi.!6.  C^e  Lat^u4e,<  Cwrff  .a»cl  I>ift?i^q| 
fail'd,  given,  to  lay.4(«wir^  ia»OBii;ig  of  th?  Shjp, 
IM^  \gpd.  1^4  pljtt,igwn<hP  Cifcw-^  ;     ■  M 

,  Sitmpit^  ^9pf>ik: »  Ship  fit  is  w  J*e-Wfw4f  «f 

Mik«4  .^eq»iire4  |h(5^§jji|/9  pi«c%fl^.ihe  C/&^ 

place  0,  fet  off  the  Rumb  line  a  e^  msdung  with  fik 
^.Muf^  pf  3-7S  Wi  .«»4  upop  nfrOfct  off.  ^91 
from-  4,to#:i  ^iro'r^l^w  the  paraiUisl  f.^,  and  ^ 
kin^.tfil  in  y0W  iCQn^^,  apaly  it-,  to  i^e  ]w^- 
dnat^  Sqtmtoir,  «ndj9|)ferye  the.'siiinber  pf  B91. 
||t«cs:k.  contains-)  fhen  <;punt  thi^  fame  ni?n)ber-of 
Degrees  on  the  grady^ted  Mjeridk^  ftoQH  ^C  to  ^1 
and  thro'  b  draw  t^e  pvallel  !>;,<  which  will  cue 
0D  pioduc'd  in  the  point  ^  the  Sh^'s  place  rp^ 
qfOcM.. 

*  #  , 

Proh.  7. 


h'^%        '       Ji^ahr'j^^mrlgi 


\y '  - 1   A*«*i<v#».  *<L««  V  * 


•Exampk.  'm^f^'9,  ShSp»»iK-frora  a;  -iH^  the 


the  Meridian  of  a  upwards,  ab  equal  to  the  p^*B«' 
daFei-eac:e  Sf^  i:afit^etairch'^ftfartf''the  Equator v  or 
ferAdu«ed:\Ri^aJflt1. '  llinSPi.'fr  •  drk#>  tf '|iai^leaUtf 
^<rV 'tfteh  ^l&i Pi^i  in  '^our ^Goaftfjlflisji  Ifisin^ ■  ohi? 


AeeF-?^  JA  V^lfife^lbViaace'i-eqSSrea.'  "  ^^  v>v.>  •mv. 
'o  M*.'8J  OffK  tiattt«fitf,  'C€^Tirfcdhd*dfflrer%d«e{iS^ 
Eddgitudci,^  ^tt^r'lo'^^flhd-'thd  SKicf*s'^ce43i}(tt^Jehi 

^art.'-'  ■'  «■.-'■  Sf'i  ^^  '-  -i  -c  Wiiif;  d  t::j-.i  .::...J  ^  it; 

'"  iEsiamph.  •fi^:^ar(^5a«fcip«fr4nF5tHe'5Lfearrf%'ihtf 
Latitude  of  50',  00'  Northv^  >fttls'-SW*J«r?i«IIl 
HeF  dtflf<jreh<«^  ofllilSh^itHijfe*  4'iP,^(^'.  ■  *R4#r'd 
tHif  SKlf>'s'fliifc?«^-Jtife'ie«r^/i  ' '"^^  .-•'•»  .Vi.i>l 
Having  drawd^S^^  %he-'«^iil(t^]o^iiie>'^i2!iiWf 
si  LV'cotiilt3fibfft  ^'t6;'I?'ufJott>'-dW'^Eqoaw#>'^^^^ 
sec  jind'thW  f^^^rWfc  fif^idfen  F&p  tK«?ii 
frtini  L'  df^^^A<P«WlW'ime'iLte'  and  -Wher* 'ilM 
mets  f^i^S  itfK,"^}ff^i^'  the  «fcip?s;jflft«;  te- 
^tii^^d- '  <■■  ■'''•-•'••  » ■  >•  =-  '-'^  <Ji'>!J-i  --•'. '  .-■  --■:  -t^-  'JOiJ'i 
^ vProbl ci:^<yik  'BMitudldi  CJ«tfrferjihdD*paituP^, 
^Ven;  to'^iki^ftfi  Shit)»s^ete'*i'^h;th»  eb»rtr-'~' 
-'  'Exathplf.^  SUp^f^fc'a  Ship^ft  ** ire  the  Latitud?  -of 
.!^,  00/  Ntti«iS' Tails  •  N<»tfr'g^^<  2o'.>Eafty  '  till 
fee  -has' '^mkdiftf '6f  Departure '1*6  Miles..  'lliqtitHet 
tAer'Sh?p's5f>ia(*  upon  the  Cter*/.',  :•  •:-  ;; 

5"  Having  dra'tfrn' tKe  Meridian  6f  »,'  •it  the'DiftanoA 
c^*it6,  dra^  par^lel  /Coit  the  Mbridiaii  ii.  :'Dra>« 
the  Rumb  line  ac,  which  will  meet  kl  in/ome 
point  Ci  then  thro*  c  draw  the  parsillel  cb,  and 
•'.  •'  -  ab 


#^  m&bi3the,pro{»^di0!^^  andM 

the  J>^aiture.  \ .  Take,  a  k  ia-  yoiir :  (Ctxtnpafles  ancL 

;ippf])  k  to  ttieiEquaior  brgr^diu^te^  {hcalldt ;  itheib 

obferve  the  number  of  DegrQdsritc,cQni)ath^,-.iQnd> 

CQDnt;  To'  many  .oaih^/^radu^ed  iMqridi^nr  iron  C 

Hpswda  tob:-  .Thw*  ^draw  thp,pa.raHei''i^^,  whfcBL 

y^ilJiietf^^c  a^  ;pcoiduc:diifl/on?cjw6«has,3f^  whicbnist 

tte  Ship's  pl^eLiijpoA  the  Ciftorll I o    \'.;  j//jw' 

r  i  ^n*^^  i|o^;6Hne  Ld9dScifed&j  Diftaiicc^  aadtDepamirci; 

giljen,  ;to  findtl^e  Ship's -piaoc  ^ij^^tWCkirhlj-' 

K,\Epci»^ij.\  Stj^pofe  a  Ship  at  ;4;lrii£be  Biatttudo  ci£ 

2p? ,  (Od'  North,;^  itAi  1 91  Miles  between  Nortbtandi 

E4ft,  >a.nd  thf®  ^  ibiyi^;  to  >h4ve  n^     x)f  :I3lcpar*: 

ture. .  J 16  Miles,  i  Rrtiuir- d  ii\e  ( Sb^ V;  pkicic  ,:Upon» 

.  Hayii^  (drawn  ^q  Meridian:  2^  I^nallei  .of  thee 
place i^.,.ftl:off»Jy)rii the  Parallelidkjw  eqlial  tsy.TH64 
abd  thro'  m  di^vr  die  Mctridiw  *^>  fTake  thrjgi^ 
ven,Qiftai|cei9i  viQ  yj^nC^mpafle^cfctcing  one  foot 
o£'tht(pi.in.  {i\  .with/ the \pthferb«apfr:WiA  ^,  jgift.^a^, 
and -thro*  r  draw  the  Parallel  cb-,  {o  cb  will  be  the 
Departure,  and  a  b  the  proper  difference  of  Lati- 
tude ;  then  proceeding  with  this  as  in  the  foregoing 
Problem^  you'll  find  the  Ship's  place  to  be  e, 

Prob.  II.  The  Latitude  fail'd  from,  difference 
of  Latitude  and'  Diepartufe;  given,  to  find  the 
Ship's  place'  upon  xhtChart.      \  -      .  V:- 

Example.  Supppfq  a  Ship  from  a'  in  the  Latitude 
of  2o<^i  00^  North,  fails  between  .North  andF  Eaft, 
till  fhe  be  in  the  Latitude  of  45?,  00 [Nortfr,  and 
is  then  found  to  have  made  of  Depai;CQte.  1*1 6  Miles. 
Requir'd  the  Ship's  place  upon  the  Cbart* 

Having  drawn  the  Meridian  ^of  ^'  fet  off  upon 
it  from  a  toby  25  Degrees^  (taken  from  the  Equa- 
tor or  graduated  parallel)*  the  proper  difference  of 
Latitude  *»  then  thro*  b  draw  the  Parallel  bc^  and 
make  be  equal  to  116  the  Departure,  and  join  ac. 
Count  from  the  Parallel  of  a  on  the  graduated 

.  . ;  .  »-  Meridian 


y 


Af^idiait  upwards  to  b  25  DegFve?,  and  tKre*  > 
cbaw '  the  Pxr^sl  i&f^  wluch  will  meet  at  pro^ 
ducM  in  foole  points,  and  thui  jinll  be  the  plajc0 
^  the  Ship  required.  ■■'  -  :!r:;;  ■ 

izt  In  SeS,  jj  *c»  |dak  thac  the  tenns  Mttifym^ 

fffnoaiymovtt  conftandy  iignifihg-  ^  fame  Thiiig  i 
which  evidendy  follfiw'd  frotn- 1^  fuppoIiiidQ  of 
tlsB  earth's  Sutface  b^g  fn<cijHa«d  mi  a  Plato,'  in 
which;  die  Meridians  weK  tqitftt 'f  Xititiel  ind  die 
£kfeo»e8  of  Latitude  equal  to  dne  anbcher  and- to 
thi&oftheEqttfltM-.  But0neeithasJbcen'dcmonfta< 
ted'(1ft:tliii  St^my^ty-  if  ia  die  pnageftibn'  of  tW 
carth^s  Surface  opiIfiaiPlun,  r^tiaMe^^mht^ro!^ 

Srallel,  the  Degrees  of  Latitude  muft  bo  uriequalv 
il  )aci<eafing  me  nearer  the^  aatmto  the  Ptle. 
It  IbUowtf^t  tfaefe  Tenns  muft<t*noee  lineff  reallr 
diffet«nt-&om  one  atiodier.  -tH^ifttce  0/ Lm^iuJm 
A  defiB*d  at  /Irt.  14.  Stlt.  3. '  f^eriMotial  I^anef 
ax,  Art.^.  St^.j.  md:l>^rPi^t^wArt.^.oi^i9 
Semw, 
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SECT.    XI. 

!  Of  Oblique  Sailing. 

T|H  E  Q^Jcftions  that  may  be  proposed  on  this 
';  Head  being  innumerable,  I  ihall  only  give 
a  fewj  of  the  inoit  ufeful. 

P  R.  O  B.     1. 

( 

,  I  • 

Coafting  along  the  Shore  I  faw  a  Cape  bear 
from  me  NNE,  then  I  ftood  away  NWi  W.  20 
Milesi  and  I  obferv'd  the  fame  Cape  to  bear  from 
me  N  E  *  E.  Required  the  Diftance  of  the  iShip 
from  the  Cape  at  each  Station. . 

Geometricalfy. 

Draw  the  Circle  N  W  SE  to  reprefcnt  the  Com- 
pafs,  NS  the  Meredian  and  WS  the  Eaft  and  Weft 
Line,  and  let  C  be  the  place  of  the  Ship  in  her  firft 

Station ;  then  from  C  fet 
otFupon  the  NWiW  Line, 
C  A  20  Miles,  and  A  will 
be  the  place  of  the  Ship  in 
her  fecond  Station. 

From  C  draw  th$  NNE 
Line  C  B,  «nd  froml  A  draw 
ABparalleltf^theNEiE 
Line  C  D,  which  will  meet 
CB  in  B  the  place  of  the 
Cape,  and  CB  will  be  the 
Diftance  of  it  from  the  Ship  in  its  firft  Station,  and 
Afi  the  Diftance  in  the  fecond,  to  find  which 

By 


\ 


Ip ;  the  Ti^g^e  AC  B  ^  ^yt^  , AC,  .egHar  to 
20  ]VfUJes^'|ie.4^Rle  ACJ?  equal  to  78'^'  45*>  the 
I^iftaijiCe  hetWocfl  the  N  NE  aad  N  W  ^  W  Lines, 
^l^fl^Wgk  ABCi  fcqwl  to  BCD  (by  Jht.  36. 
P^-^.O  fftV^  •t?^  33^»  ^S'S    th^  Pift«a^e  between 

.    ntx^J{ot:  Q^  ^  Pfiftancc  of  jfe-^ape  from 
j^Le  S^ijp  -JP  ^er;  fjriJ:  jtatijw,  it  wi/1  be  fby  C^y^  2. 


•  •  -    «  ^  .A.'i  *  ^' 


3,  A»C:  AC::Si.BAC:<pB,     - 

ue.  As  the  fine  of  the  Angle  ,B- J  .  33^,  45'     9-7^^7^ 

is  to  the  Diftance  run  A  C  * '      20     -    -     1.30103 

*^fe  is^.the^ine  q/B  AC.  -.,  <?  ..  67  „  30-9,96562 

WCB,    .j7  .     T     '..-    <^Ty.  J3-^6     .^  .^-.52191 

.thclDi^^£ W j:he  paM/rpnii  the  Ship, at  the  fi^^ 

1    &^U9n^ . .  '■  *  Aw  for  A  p\\,  W4II  be  Ifj  the  fame  Cgfs^ 

S,  ABC:  AC::S,  ACB:AB.   -'' 

.•t    ';,.    ■..■■.■■ .:./  •  ;/".  •■-•"•-  f  :n?.  -, •    • 

^.w?,  AathftiSineofB-  --  -  J3''v45' •i---^i7>»4t4 
..wtQAC  .,-.  ^  j-i '-  Hjo '..-  «.  w  i.|oi93 
•  lo  IS  the  Sine  bf-C  )  -     -^  !  rjiS  „  4^  •  ••"   -9'^'^  157 

:»?AB'  t:'r-  -  ra\c-  -35.3.1  -  *•  I-;g47.36 
.  the  Piftapce  of  .tlw..,Sl^p.fr9xr>  tlje  C^p?  at  her  fe- 
;,  cond  lliation.  .  "     ';   .  ' 


•  V._i>.       > 


P?-P?-'     %: 


I.. 


Cqafting  along  the  Shore  I  faw  two  Headlands, 
•file  .6?ft  fejbre  #rom  meN'E'&E  17  Miles,  the  other- 
SSW  20  Miles.    Requir'd  the  Bearing  <md  Di- 
:ll:anc^  of  thcfe  Headlands  from  one  another. 

O  o  Geome* 
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Gepmetritally. 

Havirig  drawd  the  Compafs    NWSE,    let  C 
j^  feprefent  the  place  of  the 

A'  /Ship,  fet  ofFupoq  thcNE 
b  E  Line  C  A  1 7  Miles  from 
C  to  A,  and  upon  the  SS 
W  Line  CB  20  Miles  from 
C  to  B,  and  Join  AB,  then 
A  will  be  tnc  firft  Head- 
land,  and.B  th^e  fecond;  al- 
fo  A  B  will  be  tiieir  DiftanCc 
and  the  Angle  A  will  be 
the  Bearing  from  the  N  E 
h  E  Line,  to  find  which 

By  Calculation. 

In  the  Triangle  ACB  are  given,  A'C*  17,  CB 
jao,  and  the  Angle  ACB  equal  to  161^,  15',  the 
Diftance  between  the  N'E^E  and  SSW  Lines. 
Hence  by  Cafe  4.  of  Ohlique- Angular  ^rigonmetr'^  it 
will  be 

1.568  2Q 
04771 2 


9.91417 
8.82309 


As  the  Sum  of  the  Sides  AC  and  CB    37 
.  is  to  their  Difference    -    -    -    -    -:3 
fo  is  the  Tang,  of  4  the  Sum  1      Q       ,, 
-of  the  Angles  A.and  B      J  ?^: »  ^^^ 

to  the  Tang,  of  half  their  Diff.      3 ,5  49 

.  -I  ,-  ■  .  » 

confequently  the  A'ngVe  A  will  be  43'^,  11',  and 

the  Angle  B  35^*  34) ;   alfo  the  Bearing  of  B 

from  A  will  be  S^W  i.^,  49/,  Wefterly,  and 

tl^  Bearing  of  A  from  B  will  N*E  i^,  49 '^ 

Eafterly. 

Then  for  the  Diftance  AB  it  will  be,  (by  Cafi2. 
nf  ObliqHC'  Angular  Trigonqmetrj,) 

'  &,   A ! 
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S,  A  :CB::S,  C  :  AB. 
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i.  <f.  As  the  Sine  of  A    •-     43^,11'    -    9'^35'^7 
istoCB    ------     20--     1.30103 

fo  is  the  Sine  of  C  -  •  loi  ,,15  -  9.99157 
toAB  -  ^  -  -  28.67  -  1.45733 
the  Diftanc?  between  the  two  Headlands. 

PROD.     3. 

Coaftinjg  along  the  Shore  I  faw  two  Headlands, 
thcfirft  faoFc  from  me  NWiN,  and  the  fecond 
N  N  E  ;  then  ftanding  away  E  ^  N  i  Northerly  2p 
Miles,  I  found  the  firft  bore  from  me  W  N  W  4 
Wefteriy  and:  the.  fccond'N*  W  4  Wefterly.  Re- 
quired the  Bearing  and  Diftance  of  thefe  two  Head- 
lands. 

• 

Geomehicalfy. 

t  .  •        . 

Having  drawn  the  Compafs  N  W  S  E,  let  C  re- 
prcfent  the- firft  place  of  the  Ship,    from  which 


I: 


:    » 


draw  the  NW^N  Line  CB,  and  the  NKE  Line 
CD,   alfo  the  E^NiN  Line  C A,  which  make 

O  o  a  equal 


2  84  0^l)i[U6 

equal  to  20.:  Froff)  iSi  dr^w^^p  mrallel  to  the 
WN  W  i  W  Line,  arid  AD  parallel  tp  the  N  *  W 
i  W  meeting  dhfe  two  firfl  Lme)  ianthe«.  poiiffs-R 
and  D  ;;  then  B  will  ^e  the  firfl:  and  D  tl^c  focpfifl 
Headlands^  Join  the  points.  B  and  J),^  afi4  .P^J) 
will  be  fhe  diftancc  between  xheni,  and  the  Angle 
C  D  B  the  Bearing  froga .  tht:  N  N  E  Line^;  ^IQ  fii^ 
which 

By  Calculation. 


I  > 


.  I.  In  the  Triarifele  ABC:,  are  gi?e»  tie.  AJigJb 
BCA,  equal  to  104^^  04',  the  dift?ncer  bel^veen 
the  NW^NLine,  and  the  E N E: iE  Uinpjc. tke 
Angle  JJAC  equal,  to  36%  j^',  che:  dift^hc€f  be*, 
it^cen  the  WSWi WXiofe.^ndthc  WN^Wi  W 
Line,  the  Angle  ABC  equal  to  39®,  22',  tbtf  dit 
rtance  between  the  ESE4E  Line,  and  the  SW 
^S  Line,  alfo  tha^fide  CJ  A.  ^^ual  to  20  Miles, 
whence  for  CB  it  Will  be,  (b'^  Cafe  2.  of  Oblique  Tri- 
goMometry:).^^:>  ,1^    ;..,.  _,  '    -.  •..{? 

As  the  Sine  of  CB  A    ^ -^  '   39®,- «'  -  '^.Sbsiia 

is  to  AC       -       -       -       -     20     -  -     1.30103 

fo  is  the  Sine  of  C  A"B-^  r     36^,  34^  -     977507 

toCB       -       -.     V      -^S^7Q     -  -     1.27382 

the  diftance  between\the  firft  IJeadland,  and  the 
Ship  in  her  fijfft  (tati^.     -  '^ 

2.  In  the  Triangle' A  C  E>,  ar^  given  the  Angle 
AC  D  equal  to  47^,  49',  the  diftance  between  the 
ENEiE  Line,  arid  the  NNE  i^ine,  the  Angle 
CAD  equal  to  92^.,^ 49',  thediftanlce  between  the 
WSWiW  Line,  ahd  the  NiWi  W  Line,  the 
Angle  CD  A  equal  to  39^,  22',  the  diftance  be- 
tween the  S  S  W  Line,  and  the  S  i  E  i  E  Line,  al- 
fo the  Leg  C  A  equal  to  20. 

Hence  for  CD' it  will  be,  (by //&^  2.  Cafdl$fOhli^ 
fue  Trigo/i'cHieify.)     -  ..,..* 

As 


m 


Q^que  Sailing:^  %t$ 

Mk  efie  She  Ct)^A  i"  -     -    39^,  it^    -,  9.8o22ff^ 

is  to  AC  -  -  -  20  -  r.jotoj. 
fo  is  the  Sine  of  CAP  -  92^,  34'  -  9.99960 
to  CD       -      -     ^-vv/  .    J1.5     ^     .     1.49835 

the  diftance^ between  the  fecood  Headland^  and  the 
Ship  in  her  firft  ffatiQn. 

3.  In  the  Triaiigk  BCD  aUs  given  BC  i».79v 
GD  3r.5.y  awltl«  Angk  BCD  tq)u^  00  ^6*,  15^. 
die  diftaitcef  b'ccweto  .th^  N  W  ^ N  line^..  aivi.  the: 

NNE  Line, 

Hence  for  the  Angle  C  DB-iq  wiH^  be,  (by  C^T^ 
4.  (?/  Oblique  Trigonometrf^    '         \  •,    ^ 

As  the  Sum  efjhrlSi3es  ;  •    5ofesr„  -  '    ^.70148 
is  to  the  DiflP.  of  SidesJ!^ -^  -    i2J7i[     -  .    1.10415 

fo  is  Tang,  of  i  Sum  or}  go]  -«f  /    .q  ^7  8 
the  unknown  Angles       X       1  f^'  '  '     ^ 

to  the  Tang,  of  half  their  diff.    25^,18     -     9.67456 

eoni^aefidy' the'Ari^  CBD  is  87^,  <oi^/ attl4 
'  m  Attgk  C  D  S  s6\  y^f.  Hence  tReB«irittg: 
'  of  t^e  firflf  Meadlikhd  from  ^  feeond  wiff  M9 
-^  S  5^%  o«'^W  orSWJ  W4  W  n^ariy^  and  §ok 
the  difldnDie  ^etweib  tkem  ic  wiil  be 

AstheSineof^lirci    i    -  36^  35^    .    g.jysi^ 

istoBC    -    -  ^    .-♦  -     18.79    -    -     1.27382 

foistheSineoffftl>   -    5'6^,  15'    -    9-91985 

^lo.BD   ...       r      .      -,^  26.21     -    -     1.41^3 

' thp^  Affaiicd  ^betWc^jri  tb*  ^  Headlands. 

This/  2ifid?th^Jfi]A'PSK)blcm^  tfe  of  grealt  «fe  inf 
diasprihg'tbe  {He)i}'i^''aii^  Haf]tekif^'or)a)iii)gdowiir 

tiiOK    4. 


*    .  / 


SujjpolV  a  Ship  ftiat  nrakes  her  way  good  wWAt 
6i  pbints  of  tbe^  Wind',  2X  North,  ht  bourtd*  to  rf 
Port  bearing  Eaft  86  Miles  diRance  from  her.   Re- 

quird 
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Oblique  Sailiu^^  s 


quir'd  the  couifeand  diftance  upon  each  Tack>  to 
gain  the  intended  Port. 

.     .    Geomettically . 

Having  drawn  the  Compafs  NE  S  W,  let  C  re- 
prefent  the  Ship's  place,  and  fet  off  upon  the  Eift 
lihe  C  A  86  Miles,  fo  A  will  be  the  intended  Port. 
Draw  GD  »and  CB  on  each  fide  of  die  North  Iinc> 
at  6\  ^Points  diftance  from  it,  and  thro*  A* draw  AB 

N 


parallel  to  CD  meeting  CB  in  B  5  then  the  EN E 
3 £  Line  CB  will, be.  Ac  Courfe  of  the  Ship  Uppn 
the  Starboard  Tack,  and  CB  its  diftance  on  (hat 
Ta^rk-,  alfo  the  ESE4E  Line  AB  will  be  rfie 
Courfe  on  the  Larboard  Tack,  and  B  A  the  .pi- 
ttance, on  that,  Tack,  to  find  which 

r  .         „  '  * 

^  By  Calculation.  .\ 

In  the  Triangle  ABC  are  given,  the  Angle 
ACB  equal  to  16^,  53',  the  diftance  between  th^ 
Eaft  and  E  N  £  \  E  Line,  the  Angle  CB  A  equal 
to  146^,  14^  !th^  diftance  between  the  ENEiEi 
and  the  WNWIW  Lines,  the  Angle  BAC  c-. 
qual  to  16*^,  53',  the  diftance  between  the  Eaft,  and 
E  S  £  i  £  Lines,  alfo  A  C  86  Miles. 

Hence  fince  the  Angle  at  A  and  C  are  equal,  the 
Legs  CB  and'BA  will  likewife  beequah  to  find 
cither  of  which  (fupppfe  C  B)  it  wiU  be,  by  Qafi  z,, 
0/ Oblique^JngUd  Trigonometry^ 

As 


/ 


Qi^qul  Sailing.^  2  s  7 

As  the  Sftc  of  B  •  -  146^,  14'  -  9-74493 
is  to  AC  -  -^  -  -  -;  86  -  -  1*93450 
fo  is  the  Sine  of  A  -  -  i6»53  -  -  9-46303 
tt)  CB  -  -  -  -  -  44.94  -  -  ^1.65260 
the  diftaoce  the  Ship  muil  Ikir  (cm  eac^^  ^^ 


ii«  • 


'  There  is  a  jgreat  Variety  of  ufefgl  Queftions' of 
this  Nature  that  may  be'  propos^d^'^but  nie  Nature 
of  them  being  better  underftood  by  praAice  at  Sea9 
We  fhall  leave  them  andgo  bir^to  Current  Sailing. 


I        ■!       Ill        I  I        ■  ll'  1,  I,  ,  ,  7l 


;  *  •        •   ^ 


SECT.    XII.  i:  

. .     ♦  •  ... 

'      ''  I  .»•  •-■s>-». 

Comirnikg  €}arrcnts,  and  htm  to  tndke  proper 

Allowances  for  tiSfem. 

♦  » 

♦ 

l/^URRKNTS  are  certain  fetti^gaofrthe5/r.f^lw/, 
lO  by  which  all  Bodies  (as^Slypa,  ^c.)  moving 
therein,  are  compell'd  to  alter  thei^:  Courfe  or  Ve- 
locity, or  both  i  and  fubmit  tp  the  jM^oiion  impf ef- 
jf^d^  upon  them  by  the  Current* .  .  *^ 


C  A  S  E     I, 

If  the  Current  fets  juft  with  the  Courfe  of  the  Ship, 
(i,  e.)  moves  on  the  fame  Rumb  with  it ;  then  the 
♦Motion  of  the  Shijp-  is  increased,  b^  as  much  as  is 
the  Drift  or  Velocity  of  the  Current;     ' 


->*<•;  ...-»■  •     .-  , 


'     •  ■   •■"•• :  Example    :  '[    ., 

Suppofe  a  Ship  fails  S  E  ^  S  at  the  rate  of  6  Miles 
an  Hour,  in  a  Current  that  fets  S  E  ^  S  2  Miles  an 
Hour.    Required  her  true  Rate  of  Sailing. 
• .  Here  it  is  evident  that  the  Ship*s  true  rate  of 
Sailing,  will  be  8  Miles  an  Hour«    .     ^ 

CASE 


v.':-'"-'    -    •    'C  A-S-E  -2,-     •  ..       '     • 

^en  th?  mption  of  the  Shipjsjcijren'd  by  as  nw^i  as 
5  Ae  VelodtW,  the  C«rr^^^^^  \. 


'  Ship ' 


an  Hour,  in  a  Current  that  fcts  NNE  6  Miles  an 
Hour.     Required  ;4e  SMp'sXni  ate  of  Sailing. 

Here  it  is  evident  that  the  Ship's  true  rate  of  Sail- 
W^ll  be  4  W«Sc«<i  Hftur^:^^^sftC9  itis^m  7; 

Cor.  I.  It  tl\jp:.  Velocity. pf  i}^^  f^rrentht  lefs  than 
the  Velocity  of  llie  Shtpj*  then  the  Ship  will  get  fo 
much  a  H^d  as  is  the  .difference  of  thefe  Vflocipes. 
'*^[Cor.2.  ff^the.l^riocity  of  .^jh^  CdrrM  be  greater 
^han  that  of  jHeiShtp;  then  t!he.  Ship^ill  fall  fo  much 
intern  as  is  the  ^mference'of'tliciftl'iclocities. 
'  "Cor.^.  Lafihj/'if'^i  VeWcfey-'of  the  Current  be 
equal  to  that  ot  the  Ship,  thdnthe  Ship '  will  ftarid 
ftUl  i  the  one  Velocity  deftroyipe  the  other. 


*  •  i 


}X  thiC  X?«rri^/  thp??arts  fJjie.Ofa:^  pf  ^^^ 
£heh  it  not  only  leilc^is  or^^u^ftno^her  y^Jqciji;, 
but  gives  her  a  new  diredfon  compounded  of  the 
Courfe  fhe  fteers,    ^cid  .the-rfetting  of  the  Current 
as  is  manifeft  from  the  following 


? 


.   Jfiji  Bt)%  at'  A  be  impeU'dlhy  i^o  Forces  at 
the  fame  time^  pbe.  .one  in  tbfl  diroflion  A  B  ca- 


Current  SaiUng^  itp 

pabfe  t6  carry  that  Body  from  A  to  B  in  a  ceftafn 
Ipace  of  Titne^  and  the  .other  in  the  Dircftion  A  D 
capable  to  carry  it  from  A  to  D    ^  ^ 

in  the  fame  Time :  Compleat  the 
Parallelogram  ABCD,  and  draw 
the  Diagonal  AC;  then  the  Bo: 
djr  at  A  agitated  by  thefe  two  ' 
Forces  together  will  move  along 
the  jLiine  AC,  s^nd.will  be  in  the  ' 
Point  C  at  the  end  of  the  Time 
in  which  k  woiild  have  mov'd-a-  D 
long  A  D  or  AB  with  the  Forces  fq)arately  applied. 
Hence  the  Solution  of  the  following  Examples 
will  be  evident. 

Example  t. 

Suppofe  a  Ship  fails  /by  the  Compafs)  dircftly 
South  .96  Miles  in  24  Hours^,  in  a.  Current  thatfets. 
Eaft  45  Miles  in  the  fame  time.  Required  the  Ship's 
true  Coujrfc  and  Diftance.  • 

Getmetrically .   - 

•  -.  .  -  •  -       ■  .    - 

Draw  A  D  (fee  the  laft  Scheme)  to  reprefent  the' 
South  and  North  line  of  the  Ship  at  A,  which  make 
equal  to  ^6\  from  D  draw  J)  C  perpendicular  to 
A  D  equal  to  45,  and  join  A  C  Then  C  will  be 
the  Ship's  true  place,  AC  her  true  diftance,  and 
the  Angle  CAP  the  true  Courfe,    To  find  which 

■ 

By  Cakuldtiof^ 

Ftrft^  For  the  true  Courfe  D  A  C,  it  will  be,  by 
Cafe  4.  of  Reii-angular  trigonometry. 

As  the  apparent  Diftance  AD        c)6     -     i .08 227^ 
is  tp  tl^e  Current's  Motion  DC  '•  45   "'-  •  i, 053111' 


Z90  Q»rrB«$,  Satlhigh 

ib .  is  Radius  "  r  •  -    r    -    -    -    -  .  -  •  laooooo 

•jDthcTangcntqf  thymic')  .,9     ..         „<^„a. 

CourfeDAC.  |^5%o7V   -    9.67094 

cjonfequently  theShjp^s  trueCourfe  is  S  25^,  07' E 
or  SSE  2^  37 VEailerly. 

Then  for  the  true  diftance  A  C,  it  will  be,  by 
Cafe  2.  of  Reil-angulqr  trigonometry y  . . 

Ai  the  Sine  of  the  Courie  A  25^,  Jo/'    - .  9.62784 

is  to  the  Departure  DC    -  45^  '-    -.  -     1.65321 

fO'is^  Radius   -  -      -        -  -        -.    -  10.00000 

to  the  true  Diftance  A  C  106      -    -    2.02537 


Example 


2. 


Suppofe  a  Ship  fails  SE  120  Miles  in  20- Hours, 
in  a  Current  that  fets  W  JN  at  the  rate  of  2  Miles 
an  Hour.  Required  (he  Ship's  true  Courfe'and  Di- 
ftance faiPd  in  that  time.^ 

Geometrically. 

Having  drawn  the  Compafi  NESW,  let  C  re- 
prefent  the  place  the  Ship  faiPd  from  %  drstw  the  S  E 


..  ^ 


ivSitA 


Line  CA,  which  make  equal  to  jiq,\  then  will  A 
be  the  place  the  iShip  caped  at. 

From 
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^JFrom  A  draw  AB  parallel  to  the  WAN  Line 
CD,  equal  to  4b,  the  motiob  of  the  Current  in  20 
Hours,  and  Join  C  B  \  then  B  will  be  the  Ship's 
true  place  at  the  end  of  20  Hours,  C  B  her  true  di- 
fiance  and  the  A^^gle  S  CB  her.  true  Courfe.  To 
find  which 

By  Calctilation.  -■  ' 

In  the  Tfiangle  ABC,  are,giv€in  C A  120,  AB 
40i  and  the  Angle  CAB  equal  to  34^,  45',  the  di- 
iUnce  between  the  £  ^  S  add  S  £  Lines,  to  (ind-th^ 
Angles  B  and  C,  and  the  Side  C  B. 

Firftj  For  the  Angles  C  and  B  it  will  be,  by 
.Cafe  4.  of  Oblique  ^gonomefryj 

As  the  Sum  of  the  Sides  CA  and  ^.^  160  2.20412 
is  to  their  Difference  -  r-'  -  'So  -  1.90309 
fo  is  the  Tang- ef  half  the  1  ^^o     \.,  ^o 

Sum  of-AeAnglesB  and  C  j  73S  o;' ,    10.51783 

to  the  Tang,  of  half  their  Diff.     59^^  45/    10.21680 

confequently  the  Angle  B  will  be  1 3 1  *^ ,  5  2 ',  and  the 
Angle  A  CB  14S  23'.  Hence  the  true  Courfe 
is  S  300,  37/  E,  or  SS£  2^.,  p;!  Eaftcriy. 

Then  for  ^he  true  diftai^cc  CB,  it  will  be,  by 
Cafe  2.  of  Oblique  trigonometry  j: 

As  the  Sine  of !B     -     -     131^,  52'  -  9^87198 

^stoAC       -.     -        -      :  120     -  -  2.07918 

fo  is  the  Sine  of  A     -    -     33^,  45'  -  974474 

to  the  trueDiftanceCB  -    89.53    -  -  1.95194 

EKatnple    3  - 

Suppofe  a  Ship  coming  out  from  Sea  in  the  Night,; , 
has  fight  of  Scitly  Light,  bearing  N  E  i  N  diftance 
4  Leagues,  it  being  then  Flood  Tide  fetting  £NE. 
2  Mijes  an  Hour,  and  the  Ship  running  after  the 
rate  of  5  Miles,  an  Hour.    Rcquir'd  upon  what 

Pp  2  Courfe 


zpi  Qirrent  Sailifig^ 

rGoturfe  and  how  far,ihe  muft  laii  to  hh  die 
zard,   which  bears  from  StiB^  J&i  S  diftance .  x  7 
Xieague&  «^  * 

Geometricalfy. 

Having  drawn  the  Compafs  NE  S  W,  let  A  re- 
prefent  the  Ship's  place  at  Sea,  and  draw  the  N  E 
*N  Line  AS,  which  make  equal  to  12  Miles,  fo 
S  will  reprcfent  5n7^. 

Prom  ;S  draw  S  L  equal  to  51  Miles,  and  paral- 
lel to  the  EiS  Line  5  then  LwUt  reprrfent the  ^' 
zard. 


From  L  draw  LC  parallel  to  the  ENE  Line, 
equal  to  2  Miles,  and  from  C  draw  CD  equal  to 
5  Miles  meeting  A  L  in  D  j  then  from  A  draw 
AflpuotUel  to  CD  ntteting  LC  produc'd  in  B, 
and  A  B  will  be  die  requiir'd  diftance,  and  SAB 
the  true  Courfe.    To  find  which 

By  Calculation. 

« 

In  the  Triangle  A  S  L  are  given  the  fide  A  S  e- 

qual  to  12  Miles,  the  fide  S  L  equal  to  51,  and 

the  Angle  ASL  equal  to  118^,  07',  the  diftance 

between  the  N  E  *  N  and  Wi  N  Lines,  to  find  the 

Angles  SAL  and  S  L-A.    Confequtntlf ,   by  Cafi 

4.  ^Oilique  Trigpfwmetryi  it  w4Il  be 

As 
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AstheSum of Ae Sides ASandSL    ^3       1.799J4 

'  is  to  their  Difference     -     -    .  ^    39        1.59 106 

fo  is  the  Tang,  of  half  the  Sum!  ;,^o  ^ci  '  ^^1^^ 

of  the  Angl?s  SAL  and  SLA  1 3^%  56'  9.777^3 

to  the  Tang,  of  half  thcit  Diff.  ^o^,  2 1 '    9.5693  5 

confeqoently  th€  Angle  SAL,  will  be  51%  17', 
and  to  the  dire&  Beai:ing  of  thie  Uzard  from  the 
Ship,  wiUbe.N«5%oa'e,  orEJiN  6.?,  17'E, 
aad  for  th^  diftance  AL,  i£  will  be,  h'^  Cafi^  2« 

.  ofOhlifueJr^fmfnetr'j^  , 


As  the  Sine  of  SAL      - 

$iSi7'    ' 

.    9.89^23 

istoSL       -      . 

-    51     -    . 

•    170757 

fo  is  the  Sine  of  AS  L 

iiS^o;'    ■ 

-    9-94546 

to  AL        -       ,       - 

SI^B    -    ■ 

-    1.76080 

the  diftance  between  the  Ship  and  the  Lizard. 

Again  in  the  Triaiigk  .  D  L  C,  are  given  the 
Angle  L  equal  to  17*^1  32',  the  diftance  between 
the  ENE  and  N  85^,  02/  E  Lines,  die  fide  LC 
equal  to  2  Miles,  die  Current's  drift  in  an  Hour, 
and  the  Side  CD  equal  to  5  Miles  the  Ship's  Run  in 
the  fame  time.  Hence  for  the  Angle  D,  it  will  he, 
by  Cafe  i.  of  Oblique  Trigonometrfy 

AstheShip*sliu*i«iiHour©C  5    -  -  0.69897 

is  to  the  Sint  of  L    -    -    ^7^,  32'  -  9.47894. 

fo  is  the  Current's  drift  L  C    -    2    -  -  0.30103 

to  the  Sine  of  D    -    -.    •    6^^  Sj-'  -  9.08 100 

confequeritly  fince  by  Conftruftion  the  Angle 
LAB  is  equal  to  the  Angle  LDC,  the  Courfc 
the  Ship  muft  fteer  is  S  88^,  03*'  E. 

Then  for  the  diftance  AB  it  will  be,  by  Cafe  2. 
cf  Oblique  Trigonometry  ^ 

As  the  Sine  of  B  -  -  155^,33'  -  -  9.61^9 
is  to  AL  -  -  •  •  S7-^S  -  -  -  1.76080 
fo  is  the  Sine  of  L  •-  17, ,32  -  -  9.47S94 
to  AB    -     2     -     -    4^^    z    •    -    1.^2285 

confequently 
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confequently  finc€  the  Ship  is  failing  at  the  rate  of 
5  Miles  an  Hour,  it'  follows  that  iq  failing  %\ 
24»  S  88?,  03'  E,'lhe  will  arrive  at  the  Uzard. 

Example    4. 

'  A  Ship  from  a  certain  Headland  in  the  Latitude 
of  34^,  00'  North,  fails  SEiS  12  Miles  in  three 
Hours,  in  a  Current  that  fets  betWfcen  North  and 
£aft,  and  then  the  fame  Headland  is  found  to  bear 
WNW,  and  the  Ship  to  be  in  the  Latitude  of 
33^,  52'  North*  Required  the  fetting  and  drift  of 
Ae  Current. 


Geometrically. 

Maving  drawn  the  Compafs  NES  W,  let  A  .re- 
prcfcnt  the  place  of  the  Ship,  and  draw  the  SE  iS 

line  A  B  equal  to  1 2  Miles, 
alfo  theESElineAC. 

Set  off  from  A  upon  the' 
Meridian,  AD'  equal  to  S 
Miles,  the  difference  of  Lati- 
tude, and  thro*  D  draw  D  Q 
Earallel  to  the  Eaft  and  Weft 
ine  WE,  meeting  AC  in  C. 
Join  C  and  B  with  the  right 
Line  B  C ;  then  C  will  be  the  Sbip*5  place,  the 
Angle  A  B  C  the  fetting  of  the  Current  from  the 
S'EbS  Line,  and  the  Line  BC  will  be  the  drift  of 
the  Current  in  3  Hours.    To  find  which 

By  Calculation. 

In  the  Triangle  A  B  C,  right  angled  at  D,  .arc 
given  the  difference  of  Latitude  A  D  equal  to  8 
Miles,  theAngleDACequalto67^,3o^  Whence 
for  A  C  the  diftancc  die  Ship  has  fail'd,  it-  will  be  ' 

As 


Current ,  SaiUf^l  Z9%. 

As  Radius    ---....:     lo.ooooo 
is  to  the  diff.  of  Latitude  A  D    -    8    -    0.90309 

foistheSccofthe  Courfel  ^^o   «^i  ^     ^  g: 

DAC  l^rSsy    •   10.41716 

to  the  diftance  run  A  C    -    20.9    -    -     1.32025 

Again,  in  the  Triangle  ABC,  are  given  A B  e- 
qual  to  1 2  Miles,  A  C  equal  to  20.9  and  the  Angle 
B  A  C  equal  to  33^,  45',  the  diftance  between  the 
S¥.hS  and  £ S £  Lines.  Whence  for  the  Angle 
at  B  it  will  be  -^ 

AsdieSumoftheSides  ACand  AB  32.9      1.51720 
is  to  their  Difference    -    -    -    -    8.9      0.94939 

fo  is  the  Tang,  of  half  the  7  ^^o  ^^t  ^  -  o  zr 
SumoftheAnglesBandC  |73So7'    10.51805 

to  Tang,  of » their  Diff.     41  ^,  43  'i    -    9.95025 

confequently  the  Angle  B  is  114^,  51*,  and  fo  the 
fetting  of  die  Current  will  be  N  8 1  ^,  o6'£  or  E 
iN  2°,  21 '  E.    Then  for  B  C  the  Current's  drift 

.  in  3  Hours  it  will  be 

As  the  Sine  of  B     -     -      114**,  51'    -  9.92700. 

is  to  the  Diftance  run  AC     20.9    -    -  1.3  2025 

fo  is  the  Sine  of  A     -     •    33^5  45'    -  974474 

toBC     -     -     -    -     -    -    12.8      -  1.10719 

the  Current's  drift  in  3  Hours,  and  confequently  the 
Current  fcts  £  JN  2?,  21' £4,266  Miles  an  Hour. 


SECT. 


29^         Variatitn  ofthe  Cof^afsl 
'    ■      SECT.    XIIL 

T 

Cpncerning  thi  yariatioa  of  the  Compafs^  and 
bow  to  find  it  from  the  true  and^obferv'd 
Amplitudes  or  Azimuths  of  the  Sun. 

^  ■  '  •     '     '   i  . 

I.  ^TpH  E  Variation  of  the  Compals  is  how  far  the 
JL  North  or  South  point  of  the  Needle  (lands 
from  tho  true  South  or  North  point  of  the  Horizon 
towards  the  Eaft  or  Weft ;  or  'ti;j  an  Arch  of  the 
Horizon  intercepted  between  the  Meridian  of  the 
place  of  Obfervation  and  the  Magnetiqk  Meridian, 
.  2.,  Jt  is  abfolutely  neceffary  to  know  the  Variati- 
on, of  the  Cdmpafs  at  Sea,  in  order  to  correft  the 
Stup*s  Courfe  •,  for  firice  the  Ship's  Courfe  is  dircft- 
ed  by  the  Compafs,  *ris  evident  that  if  the  Compafe 
be  wrong  the  true  Courfe  will  differ  from  the  ob- 
fcrved^  and  coiifequently  the- whole  Reckoning  differ 
from  the  Truth.        ' 

3.  The  Sun's  true  Amplitude  is  an  Arch  of  the 
Hbriiort  comprehended  between  the  true  Eaft  or 
Weft '  pQim  thereof,  and  the  Center  of  the  Sun  at 
Rifirig  or  Setting  5  or  it  is  the  Number  of  Degrees, 
fcff.  that  the  Center  of  the  Sun  is  difiarit  from  the 
true  Eaft  or  Weft  point  of  the  Horizon,  towards 
the  South  or  North. 

4.  The  Sun's  Magnetic  Amplitude  is  the  Number 
of  Degrees  that  the  Center  of  the  Sun  is  from  the 
Eaft  or  Weft  point  of  the  Compafs,  towards  the 
South  or  North  point  of  the  fame  at  Rifing  or  Setting. 

5.  Having  the  Declination  of  thp.  Sun,  together 
with  the  Latitude  of  the  place  of  Obfervation,  we   ^ 
may  fr9m  thence  find  the  Sun's  true  Amplitude, 
by  the  foil^ing  Aftronomic  Propofition,  viz. 

4s  the  Co-fine  of  the  Latitude 
is  to  'the  Radius 
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fo  is  tie  Sine  of  the  Sun*s  Declination 
io  the  Sine  of  the  Sun^s  true  Amplitude 

^hich  will  be  North  or  South  arccording  as  the 
DecUnation  is  North  or  South. 

Examfile. 

Requir'd  the  Sun*s  true  Amplitude  in  the  Lati- 
tude of  41^,  so'^  North,  on  the  23  day  of  Jj^ril 

Firit^  I  find  from  the  third  Table  at  the  end  of 
'  this  Bookt  that  the  Sun's  Declination  the  23^  of 
April  1731,  is  15?,  54' North,  then  for  the  true 
Amplitude,  it  will  be,  by  the  former  Analogy, 

-  As  the  Co-fine  of  the  Lat,  41^,50'  -  9.87221 
is  to  Radius  -  .  ^  •  -  1 0.00000 
fo  is  the  Sine  of  the  Decl.  15^,54'  -  9,43769 
to  th^  Sine  of  the  Amplit.     21  „  35     -     9.56548 

which  is  North,  becaufc  the  Declination  is  North 
at  that  time  ;  and  confeouently  in  the  Latitude 
of  41^,  50'  North,  the  oun  rifes  on  the  23  i  of 
April  1 73 1,  21^,  35',  from  the  Eaft  part  of  the 
Horizon  towards  the  North,  and  fees  fo  much 
from  the  Weft  the  fame  wayii 

6.  The  Sun's  true  Azimutk  is  t|ic  Arch  of  the  Ho* 
rizon  intercepted  between  the  Meridian  and  the  Ver- 
tical  Circle  paffing  thro  the  Center  of  the  Sun  at  the 
time  of  Obfervatiori. 

7.  The  Sun's  Magnetic  Azimuth  is  the  Arch  of 
the  Horizon  intercepted  between  the  Magnetic  Me^ 
ridian  and  the  Vertical,  paffing  thro'  the  Sun. 

8.  Having  the  Latitude  of  the  place  of  Obferya- 
4ion,  together  with  the  Sun's  Declination  and  Alti- 
tude  at  the  time  of  Obfervation,  we  may. find  hj? 
fr9P  Azimuth  after  the  following  Method,  viz, 

Qjl  Make 


V 
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Make  it, 

vf  J  /Atf  T'^/jg^/  of  half  the.  CompUment  of  the  Latitude 
is  to  the  Tangent  of  half  the  Sum  of  the  Diftance  of  the 
Sun  from  the  Pole  and  Compliment  of  the  Attitude 
fo  is  the  Tangent  of  half  the  Difference  between  the  Di" 
Jiance  of  the  Sun  from  the  Pole  and  Compliment  of  the 
Altitude    .-.----- 
to  the  Tangent  of  a  fourth  4rch  ,       • 

which  fourth  Arch  added  to  half  the  Compliment 
of  the  Latitude  will  give  a  fifth  Arch,  and  this 
fifth  Arch  leffeRcd  by  the  Compliment  of  the 
Latitude  will  give  a  fixth  Arch  s  then  make  it 

As  the  Radius ":• 

is  to  the  Tangent  of  the  Altitude 
fo  is  the  Tangent  of  the  fixth  Arch 
to  the  Co-fine  of  the  Surfs  Azimuth 

^hich  is  to, be  counted  f^pm  the  Sputh  or  North,  ;o 
,    the  Eaft  or  Weft  ^cc^rding  as  the  Sun  is  fipuated 
with  refpeft  to  the  place  of  Obfcrvation. 

If  the  Latitude  of  the  Place  and  Decljination  of 
the  vSun  be  both  North  or  both  South,  then  the  De- 
clination taken  from  90^  will  give  the  Sun's  diftance 
from  the  Pole  5  but  if  the  Latitude  and  Declination 
be  on  contrary  fides  of  the  Equator,  then  the  De- 
clination added  to  90^  will  give  the  Sun*s  diftanqe 
froni  the  neareft  Pple  to  the  place  of  Obfcrvation. 

Example. 

In  the  Latitude  of  51^,  32'  North,  the  Sun  ha- 
ving 19**,  39'  North  Declination,  his  Altitude  was 
found  by  Obferyation  to  be  38^,  18'.    Rcqu?r*d 

tbe  Azimuth. 

By 
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By  the  firft  of  the  for<^oing  Analogys  it  will  be 

AsAe taijgentof itixeCom-  7  ^  o      ,  ^.^^.g 

plim^t  of  the  Latitude      J. 
is  to  the  Tangent  of  i  thcp 

;  Sum  Qf:  the  Diftance  of  theCg^  to  11:6c: n 

,  SunftomthePoleandCom-(*'^'»°^  10.25655 

,  pliqiencoftheA^titud?/.;.  J  . 

,  fo  isthe  Tangent  of  half  their  \^,      ...  ^„^.^. 

.  Diflferease- .       .  .     p.  » *^  ^;"+99^ 

to  the  Tang,  ofa  ^b  Arch      4o„2p  9.92885 

•which  fourth' 'Arch  40^,  20^  added  to  19^,  14^, 
'  half 'the^'€ttmplimeht  of  the  Latitude  gives  a 
•  fifth  Arch  59^,  34',  and  this  fifth  Arch  Icffened 
by  38^,  28',  the  Complirtient  of  the  Latitude 
'  gives  the  fixth  Arch  21^,'  06/1  then  for  the  Azi- 
muth it  WilK  be'  by  the  fecond  of  the  prcceeding 
'  Analogy^,' 

As  Radius        -        -      .  -        •        -  10.00000 

is  to  the  Tang,  of  the  Altitude   38^,18/  9.89749 

foistheTang.ofthe  fixth  Arch ^  iU„o6  9.58644 

to  the  Co-finex^f  the  Azirhuth  '  72  ,>  15  9.48393 

which,  be9aufe  the  Latitude  is  North  tnd  the  Sun 
South  ofythe  j^lace  of  Obftrvation,  muft  be  coun- 
ted fronji  thc/South  towards  the  Eaft  or  Weft  j 
and  confequently  if  the  Algdlde  of  the  ^un  was 
taken  in  the  Morning,  the  Azimuth  will  be  S 
72?,  I5^E^orESE4^45^E^  but  if  the  Alti- 
tude was'faken  in  the  Afternoon,  the  Azimuth 
will  be  S  72^,  X5»  W,  or  W  S  W  4S  45^^ 
Wefterly.     V 

9.  Having  found  the  Sun^s  true  Amplitude  or 
Azimuth  by  the  preceeding  Analogys,  and  his 
Magnetick  Amplitude  or  Azimuth  by  Obfervation, 
'tis-  evident  if  they  agree  there  is  iio  Variation ;  but 
if  they  difagrce,  then  if  the  true  and  obferv'd  Am- 
plitudes at  the  Riling  or  Setting  of  the  Sun,  be  both 

Qjq  2  ^^      / 
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of  the  fame  Name,  i.  e.  ciAer  both  NorA,  or  both 
South,  their  Difiircnce  II  the  rfln>/w« :  Blitifthey 
be  of  different  Names,  i.  It.  one  North  and  the  o- 
ther  South,  their  Sum  is  the  Variation*  Again,  if 
the  true  and  obferv'd  Azimuths  be  bodi  of  the 
fame  Name,  i.  e.  cither  both  Eaft  or  both  Weft, 
their  Difference  is  the  Variation  5  but  if  they  be  of 
different  Names  their  Sum  is  ^  Variation :  And  ta 
know  whether  the  Varation  is  Eaftcrly  Or  fVeJierly, 
Obfcrve  this  general  Rule,  vfe. 

Let  the  Obferver's  Fact  be  tum'd  totheSan» 
then  if  the  true  Amplitude  or  Azimuth  be  to  the 
right  Hand  <^the  obfervMy  the  Variation  is  Eaftcrly  s 
but  if  to  the  left,  Wdftcrly. 

To  expkin  which,  let  NESWrcprcfenta  Com* 
pafs,  atid  fuppofe  the  Sun  is  really  £iS  at  the 
time  of  Obfervation,  but  the  Obferver  fees  him  off 


die  Eaft:  point  of  the  Cothpafe,  and  fo  the  true  Aai« 
plitude  or  Azimuth  qf  the  Sun,  is  to  the  right  oF 
the  Magnetick,  or  obfcrv'd  i  here  'tis  evident  ^•*' 


the 
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die  E^S  Point  of  the  Compafs  ought  to  lie  where 
the  Eaft  point  is,  and  fo  the  Nocth  where  the  N^  W 
is ;  confequendy  the  North  Point  of  the  Compafs  is 
a  Point  €oo  far  Eaft,  k  e^  the  Varation  in  this  Cafe 
IS  Eafterly.  The^  fanae  will  iiold  when  the  Ampli^ 
tude  or  Azimuth  is  taken  on  the^  Weft  fide  of  the 
Meridian. 

Again,  let  the  true  Amplitude  or  Azimudi  be  to 
the  left  Hand  of  the  bbfervM ;  thus  fuppofe  the  Suit 
is  really  E*N  at  the  time  of  Obfervation,  but  the 
Obferver  fees  him  o^  the  Eafk  Point  of  the  Compafs, 
and  fo  die  true  Amplitude  or  Azimuth  to  the  Left 
6f  khe  oWerv^d :  Here  it  is  evident  that  the  E*N 
point  of  die  Compais  ought  toitand  where  the  Eaft 
point  is,  and  fo  the  North  where  the  N^E  point 
is ;  confequendy  the  Nordi  poiht  of  the  Compaffes 
lifcs  a  point  too  far  Weflerly,  fo  in  this  Cafe  the  Va- 
riadon  is  Wefi  The  fame  will  hold  when  the  Sun 
ii  obferr'd  on  die  Weft  fide  of  the  Meridian. 

Sappofe  the  Sun's  true  Amplitude  at  Rifin^  is 
fbuha  to  bfe  E  14^,  20'  N,  but  by  the  Compafs  it  \% 
found  to  be  fe  26^/1^"  N.  Kequir*d  die  Variad- 
on,  and  which  way  it  is.   : 

Since  they  are  both  the  fame  way  therefore 

From  theMagnetidc  Amplitude  •  E  26^,  12'  N. 
take  the  true  Amplitude  -    -  -   E  14^,  20'  N. 


and  there  remains  the  Vanadon  11952   E. 

which  is  Eaflerly  becaufe.  in,  this  Ckfe  the  true  Am* 
plitude  is  to  the  Right  of  the  obferv'd. 

Example 
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9 

Suppofc  the "  Sim's  true  Amplitude  at  Setting  h 
W34^,  26'S,  and  his  Magnetick  Amplitude  W  23^, 
13'  S.    Required  the  Variation  and  which  way  it  is. 

Since  they  lie  both  the  fame  way,  therefore 

From  the  Sun's  true  Amplitude      W34?,  26'  S 
J.takc  the  Magnetick  Amplitude    -W.23%  13'S. 

there  remains  the  Variation     -     -     li  ,  13  W^  ' 

which  is  Weilerly  becaufe  the  true  Amplitude  ia, 
this  Cafe  is  to  the  left  Hand  of  the  obferv'd. 

'  ^   ;  Example  3. 

*  *  . 

(  Suppofe  the  Sun's  true  Altitude  at  Rifing  is 
found  to  be  £  13^,  24'  N,  and  his  Magnetick 
E  il^j  32'  S.  Required  the  Variation,  and  which 
way  it  lies.  .     • , 

Since  the  true  aAd  obfcrv'd  Amplitudes  lie  dif- 
ferent ways,  therefore 

To  the  true  Amplitude    -     •     E.13^,  24'  N. 

add  the  Magnetick  Amplitude    £12  ,32  S. 

i    '1  '■■■ 

the  Sum  is  the  Variation     -     •     25,56  W.  .) 

^  •  •  • 

which  is  Wefterlyi  becaufe  the  true  Amplitude  is, 
in  this  Cafe,  to  the  Left  of  the  obferv'd. 

Example  4. 

Suppofe  the  Sun^s  true  Amplitude  at  Setting  Is 
found  to  be  W  8^,  24'  N,  but  his  Magnetick  Am- 
plitude is  W 10^,  13'  S.    Requir'd  the  Variation. 

To 
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Td  the  true  AmpHtude   -    -    -  W   8%  24/N.  ' 
add  the  Magnctick-     -      -       W  lo**,  13'  S. 

the  Sum  is  the  Variation    -    -    -    i8  ,  37  E.    * 

;  which  is  Eaftcrly,  bccaufc  the  true  Amplitude  19 
to  the  Right  of  the  obferv*d. 

Example  $.  *. 

Suppofe  the  Sun's  true  Azimuth  at  the  time  of 
Obfcrvation,  is  found  to  be  N  86^,  40'  E,  but  by 
the  Compafs  it  is  N  73^,  24'  E.  Required  the  Va- 
riadon,  and  ivhich  way  it  lies. 

From  die  Siin's  true  Azimuth,    N,  86^,  40'  E. 
take  the  MagncdciU,      -     -        N.  73,    24  E, 

There  remains  the  Variation,      -      13,     16  R 

whiph  is  E^fterly,  bec^ufc  the  true  Azimuth  Is  to 
the  right  of  the  obferv'd. 

Example  6.  .    . 

Suppofe  the  Sun's  true  Azimuth  is  S.  3*",  24' E. 
Md  the  Magnetical  S,  4%  %&  W.  RequirM  die 
Variation,  and  which  way  it  lies. 

To  the  true  Azimuth.      -     -     S.  3^,  24'  E.  T 
add  the  the  Magnedcal  Azimudi.  S.  4,    36  W, 

The  Sum  is  the  Variation.      -  8,    00  W. 

which  is  Wefterly,  becaufe  the  true  Azimuth  is 
(in  this  Cafcj  to  the  Left  of  the  obferv'd. 

10.  The  Variation  of  the  Compafs  was  firft 
obfcrvM  at  London^  in  the  Year  1580,  to  be  11^, 
15'  Eafterly,  and  in  the  Year  1622  it  was  6% 
o\  E.  alfo  in  the  Year  1634,  it  was  4^,  05'  E. 
ftill  decreafingy  and  the  Needle  approaching  the 

|rue  M erfdiwy    t^ll  i(  coincided  widi  it,  and  then 

there 
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there  ifas  no  Variation  4  after  which»  th^  VarMiqp 
began  to  t>e  wefterly,  and  in  the  Year  1672,  it  wm 
obfcrvM  to  be  2«,  30'  W,  alfo  in  the  Year  i68j^ 
it  was  4^,  30'  W.  and  fince  that  time  the  Variati- 
on ftill  continues  at  London  to  encreafe  wefterl^  ; 
but  how  far  it  will  go  that  way.  Time  and  Ob. 
fervations- will  probably  be  the  only  means  to  dif. 
cover. 

Again,  at  PariSy  in  the  Year  1640  the  Varia- 
tion was  3^,  00*  E,  and  in  the  Year  1666,  there 
was  no  Variation  \  but  in  the  Year  1681,  it  wa^ 
a^,  30'  W.  and  ftill  continues  (o  gowefterly. 

In  ihort,  from  Obfervations  made  in  different 
Parts  of  the  World,  it  appears,  that  in  different 
Places  the  Variation  differs  both  as  to  its  Quantity 
and  Denomination,  it  being  Eaft  in  one  place, 
and  Weil  in  anothe}-  -,  the  true  Caufe  and  Theory 
Qf  which,  for  want  of  a  fufficient  number  of  Oo^ 
fervations,  has  not  as  yet  been  fully  explained. 


^^ 


SECT.    XIV, 

The  Method  »f  keeping  4  JtmtuU  4f  Sta, 
•tmd  how  to  C$ne^  it^  by  mttlung  pfo- 
ffT  Attovoancei  for  tbt  Lec-way^  Vatiati- 

I,  T  EE^WAT  b  the  Angle  that  the  Ruipb- 
JLi  Line  upon  which  the  Ship  endeavour^  to 
^ail,  makes  with  the  Humb  ihe  really  fails  upoii. 
This  is  Qccafton'd  by  the  force  of  the  Wind,  or 
Surge  of  the  Sea,  when  (he  lie^  to  the  windw^d* 

ox  is  ctofe  ha^ui'd,  which  cwfcj  her  to  f&W  off  »n4 
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glide  lid^*wa)rs.  from  the^Point  of  the  Coiyipstfs*  Ihe 

caj>e$  at  v  Thus  let  N  E  S  W  rcprcfent  the  Compafi 

and  fuppofe  a  Ship  at 

C  ciapes  ac»  or  endea- 

trours  to  fail  upon  the 

Rumb  Ca\  but   by 

Hicfei'tfeofthcWind, 

:i!td  Sut^c  of  the  Sea, 

ihe's  oblig'd  to  fall 

tISi   &nd  iilake   her 

.vay^'od  upon  the 

Kumb  Qh\  then  the 

Angle   a  Q  h  is  the 

JUe-wa.jj  and  if  that 

Angle  be  equal  to  tme  Point,  the  Ship  is  faid  to 

snake  one  Point  Lee-iffaf^   and  if  equal  to  two 

£omtSv  the  Ship  is  faid  to:inik:e  two  Points  />«• 

2.  The  Quantity  of  this  Angle  is  very  unceN 
tajn^  becaufefbme  Ships,  with  the  ftme  quantity 
4>f  Sail,  and  with  the  fame  Gale,  Vill  fnake  more 
Lee-'way  thanf  othtrs  y  it  depending  much  upon 
the  Mould  and  Trim  of  the  Shijp,  and  thd  quanti« 
:tf  of  Water  that  ihe  draws.  The  common  Allow* 
ances:  that  su*&^^  generally  made  for  the  Lee^wiy^  are 
mafpUowis: 

f .  #2  ^  Ship  be  dofe  hauFd,  hits  aU  her  Sails 
tiiy  ibi^  yfzitti  fmootii,  and  a  moderats' Gale  of 
Wind^  lh6  k  then  fUppos*d  to  ixiake  little  or  no 

'  \  2.'  If.  it  blow  fo  frefh  as  to  icaufe  the  fmall  %ils  to 
tw  handled;  'tis  ufuat  to  allow  one  Point. 

g.  If  it  blow  fo  hardi  that  the  Top-faih^  muft 
bb  cibfe  reeft,  then  the  common  Allowance  is  two 
Points  for  Lee-waj. 

.4.  If  one  Top-fail  muft  be  handed,  then  the. 
Ship  is  (uppos'd  to  make  between  two  and  thret 
Toints  Lee-way. 

R  r  5.  When 
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5,  When  both  Top.fails  muft  be  handfed,  theil^ 
the  Allowance  is  about  four  Points  for  Lee-^wa^.   • 

6.  If  it  blows  fo  hard,  as  to  occafion  the  Fore^ 
Courfe  to  be  handed,  the  Allowance  is  between 
5iand  6  Points, 

'  7e  When  both  Main  and  Forc-Courfes  muft  be 
handed,  then  6  or  6^  Points  are  con^ooonly  al- 
lowed for  Lee-^vjaj. 

8.  When  the  Mizen  is  handed,  and  the.  Ship  is 
trying  a  Hull,  fhe  is  then  commonly  allow'd  about 
7  Points  for  Lee-way. 


3.  Tho*  thefe  Rules, 
rally  made  ufc  of,    yet 

A  B 


and    the   Courfe 

Bittacle^    is     the 


are  fuch  as  are  gene- 
fince  the  Lee-way  de- 
pends much  upon  tkfc 
Mould  and  Trim  oi 
the  Ship,  'tis  evident 
that  they  can't  exactly 
fervc  to  every  Ship'i 
and  therefore  the  bcfl: 
way  is  to  find  it  by 
Obfervation :  Thus,  let 
the  Ship's  Wake  be  fee 
by  a  Cmpafs  in  the 
Poopj  and  the  oppo^ 
fite  Rumb  is  the  true 
Courfe  made  gpod  by 
the  Ship  i.  then  the  dif- 
ference between  this 
iven   by    the    Compafs    in   the 


ee-way  required.  If  the  Ship 
be  within  fight  of  Land ;  then  the  Lee-way  may 
be  exactly  found  by  obferving^  a  Poin,t  on  the 
Land  which  continues  to  bear  the  fame  way,  and 
the.  diftance  between  the  Point  of  the  Compafs  ic 
lie&iq)on,  and  the  Point  the  Ship  capes  at,  wilt  be 
the  Lee-way.  Thus,  fuppgfc  a  Ship  at  C,  is  ly- 
ing 
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mgupN^W  towards  A;  but  inftead  of  keeping 
that  Cbiufe,  flie  is  carried  on  the  N  N  E  Line 
CB,  and  confequently  the  Point  B  continues  to 
bear  the  fame  way  from  the  Ship  :  Here  'tis  tvu 
dent,  that  the  Angle  A.CB,  or  the  diftance  be* 

Sreen  the  N  &  W  Line  that  the  Ship  capes  at,  and 
e  N  N  £  Line  that  the  Ship  really  falls  upon, 
will  be  the  Lee-way. 

^  4.  Having  the  Courfc  fteer*d,  and  the  Lee-way 
given,  we  may  from  thence  find  the  true  Courfe 
by  the  following  Method,  viz.  Let  your  Face  be 
tum'd  dire&ly  to  the  Windward,  and  if  the  Ship 
have  her  Larboard  Tacks  on  Board,  count  the 
Let-way  from  the  Courfe  lleer'd  toward  the  Right- 
hand  ;  but  if  the  Starboard  Tacks  be  on  board, 
then  count  it  from  the  Courfe,  fteer*d  towards  die 
Left-hand.  Thus  fuppofe  the  Wind  at  North,  and 
the  Ship  lies  up  within  6  Points  of  the  Wind,  with 
her  Larboard  Tacks  on  board,  making  one  Point 
Lee-way  ;  here  *ds  plain„ .  that  the  Courfe  fteer'd, 
is  E  N  E,  and  the  true  Courfe  E  ^  N  j  alfo  fup- 
pofe the  Wind  is  at  N  N  W,  and  the  Ship  lyes 
up  within  6i,  points  of  the  Wind  with  her  Starboard 
Tacks  on  board,  making  li  Point  Leerway  \  'ds 
evident  that  the  true  Courfe,    in  this  Cafe,    is 

wsw. 

,  5.  Wq  have  (hew'd,  in  the  laft  Seftion,  how  to 
find  the  Variation  of  tHe  Compafs ;  and  from  what 
has'  been  (aid  there,  we  have  this  general  JRule 
for  finding  the  Ship's  true  Courfe,  having  the 
Courfe  fte^r'd  and  the  Variation  given,  viz.  Let 
your  Face  be  turn'd  towards  the  Point  of  the  Com- 
pafs Upon  which  the  Ship  is  fteer*d  ;  and  if  the 
Variation  be  Eafterly,  count  the  Quanrity  of  it 
from  the  Courfe  ftecr'd,  towards  the  Right-hand ; 
But  if  Wefterly,  towards  the  Left^hanfl  5  and  tho 
Courfe  thus  found,  is  the  true  Qoqrfe  fteer'd.  Thus, 
(wppofe  the  Cgqrfc  flecr'd  is  N  J  E,  and  the  Varla* 

R  r  a  tion 
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tion  one  Point  Eafterly  ;'  ijien  ibe  tfoe  >G^^ 
fteer'd^  will  be  N  N  £ :    Alfo  fuppofe  the  Cbuifis; 
fteer'd  is  N  £  ^  E,  and  the  Yaiiacion  otie'  PoinC 
Wefterly  i  then  in  this  Cafe,  thp  true  Courie  wSI 
be  N  E,  and  io  of  others. 

Henc^,  by  knowing  the  Lee-waj  Variation^  ancf 
Courfe  fteer'dj  we  may  from  thence  find  the  ShipV 
true  Courfe  ;  but  if  there  a  Current  under  Foot, 
then  that  muft  be  try'd  and  proper.  Allowances 
made  for  it,  as  has  been  fhown  at  $e£l.  ii.  firong. 
,thence  to  find  the  true  Cpurfe. 

6.  After  making  all  the  proper  AHowanc^  for 
finding  the  Ship^s  true  Courie,  and  making  as  jui^ 
an  Ettimate  of  the  diftance  as  we  can  j  yet  by 
reafon  of  the  many  Accidents  that  attend  a  Ship  iqi 
a  Days  running,  fugh  as  different  Rates  pf  failing^ 
tetween  tl^?  times  of  heaving  the  Log,*  the  wanj; 
of  due  Care  at  the  Helm,  by  not  kepip^  her 
fteady,  but  fuffering  her  to  yaw  and  fall  'oft,  fiid- 
dairi  Storms  when  no  isocount  can  be  kept,  &?r. 
die  Latifi^de,  l^y  Account,  frequently  differs  from 
the  Latitude  by  Obfervatidn,  and  when  that  hap*' 

gins,  *tis'  evident  there  miift  be  fome  ^rror  in.  tnc 
,  eckoning ;  to  difcovcr  vhich  and  Where  it  lies, 
and  alfo  how  to  correft  the  Reckoning,  ypu  sna/ 
obferve  the  following  Rules.  •  ^ 

I.  If  tlie  Ship  fail  hear  the  Meridian,  pr  lyithii^ 
2  or  ii  Points'  thw^ebf  j  then  if  the  Latitude 
by  Account,  di^agi^ees  wifh  t;he  Latitude  by 
Obferyatjon,  *tis  niofi:  likely  that  the  Error  lies  in| 
die  diftance  run ;,  for  it  is  plain  that  in  this  Cafe  it 
will  require  a  vfcry  fenfible  Jlrrpr  in  the  Courfe  to 
make  any  confiderable  Error  in  the  Diflrerencc  of 
Latitude,  which  can't  well  happen,  if  due  care  be 
tijaken  at  the  Helm,  and  proper  Allowances  be 
made  for  the  Lee-waj^  Variation^  and  Currents^ 
Confeqiiently  if  the  Courfe  be  pretty  near  the 
Truths  and  die  Error  in  the  Diftance  run  regu* 

|arJy 


M]Sit]^*  the  9ib!^  yf^  may  from  tiie  Laticadc. 
QDC2(|ft'4  by  ObfeFvatioo;  correft  die  Diftance  an4 
Peparcure  by  A<c$9unc,  by  thef^kiFing  Analog 


gies, 


Viz. 


As  the  Diffisrence  9f  IsOfihidf  hy  Jtamnt 
is  to  the.  true  Dij^mc  of  Latitude^ 
Jo  U  tke  Departure  by  Account 
M  the  true  departure^  ; 
0ndfi  is  tbfi  direH  Di^fe  hy  Account 
t0  thi  true  direct  Difioincf^ 

The  Reafon  pf  this  is  plain,  for  let  A  B  denote 
the  Meridian  of  the  Ship  ^t  A,  aiid  fuppofe  the  Ship 
ikila  vfon  the  Rumb  A  E  near  the      ▲   ' 
Meridian,  till  by  Account  fhe  is  fomid      - 
in  C,  and  consequently  her  Difference 
of  Latitude  by  Account  is  A  B ;  but 
by   Obfervation   fhe'a  found  in  the 
Parallel    £   D,     and    fo   her    true 
piflfereoce    of    Latitude  is    A    D, 
her   true  Diftance   A  £»    and    her 
true  Departure    D  E  %    then   fioce 
the   Triangles  ABC,    A  D  £  are 
fimil^,  it  will  be  A  B:  A  D  ::  BC:D£  and  AB) 
AD::AC:AE. 


Example. 


Suppofe  a  Ship  from  the  Latitude  of  45^, 
Nordi,  after  having  fail'd  upoii  feveral  Courfes  neat 
the  Meridian  for  24Hottrs,  ner  Difference  Qf  Lati^ 
tude  is  computed  to  be  upon  the  whole  95  Milea 
Sbutherly,  and  her  Departure  34  Miles Eaflierly  i  but 
by  Obfervation  Ibe  is  found  to  be  in  Latitude  of 
43 *»  ^o'  North,  and  confequently  her  true  Difib^ 
rence  of  Latitude  is  130  Miles  South^^rly;  theil 
for  the  true  Departure  it  will  be.  As  the  Difie^ 
rence  of  Latitude  by  Account  95,  is  to  the  true 

Difference 
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Difference  of  Latitude  130;  fo  isthe  departure  W^ 
Account  34,  to  the  true  Dei>e(rture  46.52,  and  (o 
is  the  Diftance  by  Acf:ount  100.9,  .  to  the  true 
Diftance  138,  ^ 

2.  If  the  Courfes  are  for  die  mbft  part  near  the 
Parallel  of  Eaft  and  Weft,  and  the  direft  Courfe 
be  within  51  or  6  Points  of  the  Meridian  5  then 
if  the  Latitude  by  Account  differs  from  the  ob- 
ferv*d  Latitude^  it  is  moft  problable  that  the  Error 
lies  in  the  Courfe,  or  Diftance,  or  perhaps  both  ^ 
for  in  this  Cafc^  'tis  evident,  the  .Departure  by  Ac* 
count  will  be  very  nearly  true ;  and  thence,  by 
the  help  of  this,  and  the  true  Difference  of  Lati- 
tude,  may  the  true  Courfe  and  direft  Diftance  be 
rcadUy  fpund  by  Cafe  j^b  of  Flain-^ailif^. 

.     .  .    '.  • 

Example.  « 

Suppofe  arShip  from  the  Latitude  of  43^, 
50'  North,  after  having  fail'd  upon  feveial 
Courfes  near  the  Parallel  of  Eaft  and  Weft,  for 
the  Space  of  24  Hours,  is  foCind  by  dead  Reckon-' 
ing  to  be  in  the  Latitude  of  42^,  45'  North,  and 
to  have  made  160  Miles  of  Wefting  5  but  by^  a 
good  Obfervation  the  Ship  is  found  to  be  in  the 
Latitude  of  42*^,  35'  Nortfc.  Required  the  true 
Courfe,  and  Direft  diftance  fail'd. 

With  the  true  Difference  of  Latitude  yg  Miles, 
ind  Departure  160  Miles,  we  fhall  find  (ky  Cfife 
4tb  of  Plain-SaiUng)  the  true  Courfe  to  be  iS 
^4^»  53'  W,  and  the  direft  Diftance.  176.7. 
Miles. 

"  3.  If  the  Courfes  are  for  themoft  part  near  th«? 
middle  of  the  Quadrant,  and  the  direA  Courfe 
within  2  and  6  Points  of  die  Meridian  ;  then  tHc^ 
Error  may  be  eidier  in  the  Courfe,  or  in  the  Di-i 
ftance,  or  in  both,  which  will  caufe  an  l^rrpr 
both  in  the  Difference  of  Latitq4e  an?l  Depar, 

Wre, 
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tiirc,  to  corrcft  which,  having  found  the  true 
Difference  of  Latitude  by  Obfervation  ;  with 
diis,  and  the  direft  Diftance  by  dead  Reckoning, 
find  a  hew  Departure  (J^  Cafe  sd  of  Plain-Sailing) 
then  half  the  Sum  of  this  Departure,  and  that 
by  dead  Reckoning,  will  be  nearly  equal  to  the 
true  Departure ;  and  confequently  with  this,  and 
the  true  Difference  of  Latitude,  we  may  (by  Caji 
4tb  of  PJiUn'S(ulmgy  find  the  true  Courfe  and  Di* 
fiance. 

Exatnpk. 

Siippofe  a  Ship  from  the  Latitude  of  44^,  38^ 
Nortii  fails  between  South  and  Eaft  upon  feveral 
Courfes,  near  the  middle  c^  the  Quadrant,  for 
the  Sjpace  of  24  Hours,  and  is  then  found,  by 
dead  Reckoning  to  be  in  the  Latitude  of  42^,  15' 
North,  and  to  have  made  of  Eafting  136  Miles  ; 
but  by  Obfervation  fhe*s  found  to  be  in  the  Lati- 
tude of  42*,  04'  North.  Required  her  true  Courfe 
and  Diftance. 

With  the  true  Difference  of  Latitude  154  Miles, 
and  the  diredl  Diftance  by  dead  Reckoning  197.4 
you'll  find  (by  Cafe  ^d  of  Plain-Sailing)  the  new  De- 
parture to  be  123.4,  and  half  the  Sum  of  this  and 
the  Departure  by  dead  Reckoning  will  be  1 24.7 
the  true  Departure  5  then  with  this,  and  the  true 
Difference  of  Latitude,  you'll  find  (by  Cafe  4tb  of 
Plain-Sailing)  the  true  Courfe  to  be  S  39^,  00^  E, 
and  the  direft  Diftance  198.2  Miles. 

7.  In  keeping  a  Ship's  Reckoning  at  Sea,  the 
common  Method  is  to  take  from  the  Log-board 
the  feveral  Courfes  and  Diftances  ftemm'd  by  the 
Ship  laft  24  Hours,  and  to  transfer  thefe  toge- 
ther with  the  moft  remarkable  Occurrences  into 
the  Log-Book^  in  which  alfo  are  inferted  the  Courfes 

corrcdied, 
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correfbed,  and  the  Difference  of  LatJmde.gnd'Dif^ 
ference  of  Longibude  made  good  upon  each  i  tifien 
the  whole  Day's  work  beif^^finim'd  inJEbe^Z^s* 
Book^  if  the  Latitude  bj  Account  ^ee  ^iljtk 
the  Latitude  by  Obfervatiop,.  th^  Ship'i  place,  wHl 
be  triiely  determin'd  ;  if  not»  then  the  Rackodt- 
ing  muft  be  torrefied  according  to  the  pSeoeed- 
pg  Rules,  and  plac'd  in  ^^rJ(Wf^l  -. 

'  The  Form  of  the  LogJS(fQk  and  Joumdl^  to« 
gether  with  an  Example  of  2  Days  work,  yott 
have  here  fubjoin'd. 

Note^  To  exprefs  the  Days  of  the  Week,  they 
commonly  ufe  the  Charaders  by  which  the  Sun 
wd  Planets  are  expreisM^  '(nz.  ^  denotes  Sunday ^ 
3>  Afondajy  S  Tuefday^  $  ff^ednefda'j^  ^  Tburfda^^ 
iS   Friday^  and  I?  dtnotcs  Saiurda). 
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Coutfes. 
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Winds. 


North 


S  Wis   NJE 


SSW 


Obfervadons  and 
Accidents.  5 
Day  of  — — 

Fair  Wcathevat 
four  this  Afternoon 
I  took  myDcpar- 
Iture  from  the  JU'- 
zardy  in  the  Lati- 
tude of  5?,  go' 
North,  it  bearing 
N  N  E*  diftancc 
five  Leagues. 


, 


E^S 


SWJW 


NNE 


SW 


ENE 


SWiW 


NEiE 


The  Gale  increa- 
fing  and  being  un* 
der  all  our  Sails. 

After  three  this 
Morning,  frequent 
Showers  with  thick 
Weadier  till  near 
Noon. 

The  Variation  I 
reckon  to  be  one 
Point  Wefterly. 


I 


tti 


a  Jmtmal  at 


315 
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The  Log-Book. 


CoarfesConcfi. 


S  S  W 

S  J  w 

s  w 

SW>5 
SW4S 


IMft. 


50 

49 

1 24.5 

1 25.51 


Diff.   Lat. 


N 


46.2 
18.6 
29.7 
20.2 

^9-5 


134.* 


Diff.   Long-. 
£ 


W 


29.4 

5-5 

45-5 
20.0 

24,6 


"5 


-i 


Hence  the  Ship,  fcy  Account,  lias  come  to  the 
Latitude  of  47',  46'  North,  and  has  difffe/d  her 
Longitude  2«',  5'  w^erly  j  fa  diis  Day  I  have 
made  my  Way  good  S  31%  ,31'  W,  diftance 
157.4  Miles. 

At  Noon  the  Dzard  \sore  from  me  N31®,  31/ 
E  Difbnce  157.4  Mi}es,  and  having  obfaVd  the 
Latitude,  I  ^und  it  agreed  with  the  Latitude  by 
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Tkfi  I^Pgr*ip<«[. 


H.  K.  iJC.  Cpi#!S..   Wjods. 


3     II     and 
41     I    LeC' 


/' 


•mmm^m 


^anfied  t|ie  Mabi 
nd  l^ose  Coi^rfes 
^way  6  Poiijts. 


Pbfervation?'  ^ad 
Aspidfints 
:  Day  of 


*•  r^ 


I  • 


The  Wind  encrea- 
^^lSg,  WR  trjfd   'a 


Th§^*H4u« 


1 

5phe  Variatocw  1 1 

fjuflgj^   t0    be  1^ 


SW^W  NW*W 
Set  Main-fail  Lee- 
\ca;r  4i  HDints* 


S^E     SW*W 
Set  Fore-fail,  Lee- 
way 3  Points. 


Lat  by  Obferva- 
tion,  47^,  o6»  N. 


3T)£ 


4  Smm^  0  Sf^ 


iW, 


I 


ES^ 


n^ 


t     >• 


9 


7-^Bsr 


83,0 


49.6 


Hence  t^e  Sfirp,  |qr  Account,  l^s  come  to  the 
Latitude  o|  470,  17A  J^Torth,  and  hfis  0iffer»d  her 
Longitude  j  49/  E%rly  j  coiifej[}ue«tl)f  Ihte  has 
got  i",  16I  to  tjie  'Vffeftward  of  the^ji^rii  and 
has  made  htt  Wi^  good  the  Jaft  34  Hqun^  8  49*, 
Q8f  E,  Djftance  44,3  Miles. 

I  "  !  _  ••  '         .     '     - 

At  Noqn  the  ligfeM  bore  fnwi  me  Nprdx  170 
7'  Eaft,  Diftance  179.6^ Miles.        "'; 

This  Dajrl  had  fn;ObftrTattoa,  M(j  found  the 
Latitude  by  Accquitt  to  difagree  yrkh  \he  Latitude 
by  ObferMation  by.  ii  Minute^  I  being  fq  much 
further  to  jhe  Soi#^ard  than  by  ,dead  Reckon- 
ing, whichj  by.  the  ihird  of  4e  preecicding  Rules 
I   corrcft  ias  ^  Jhci  55!>«n|^.     ^       |       - 
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4  ' 

0/MENSURATION. 

ft 

T>ef.  np  H  E  Area  of  any  plain  Surface  in  Inches, 
JL    Feet,  or  any  oAerMeafure,  is  the  Num- 
ber of  Square  Inches,  Feet,  &f  f .  that  the  Surface 
contains. 

I.  Let  A  B  C  D  reprefent  a  Redangulaf  Paral* 
lelc^ranij  and  fuppofe  the  Side  A  B,  or  D  C  con- 
tains  Six    equal 
Parts,     and    the 
Side  ADorBC 


G 

JE 

A 


• 

{ 

c 

H 
F 
B 


three  of  the  fame 
Farts ;  then  let 
the  Line  A  B  be 


moved  along  in  the  Diredion  of  A  D  till  it  has 
come  to  E  F,  where  A  E  or  F  B  the  diftancc  of 
it  from  its  firft  Situadon,  may  be  equal  to  one 
of  the  equal  Parts  :  Here  'tis  evident  that  the  ge^ 
nerated  rarallelogram  .  A  B  F  £  will  contain  as 
many  Squares  as  the  Side  A  B  contains  equal  Parts 
(in  this  Cafe,  fix),  each  Square  having  for  it# 
Side  one  of  the  equal  Parts  into  which  AB  or 
A  D  is  divided.  Again,  let  A  B  move  on  till  it 
comes  to  G  H,  fo  as  G  E  or  H  F  may  be  equal 
^o  A  E  or  B  F,  then  'tis  plain  that  the  Parallelo-* 
gram  A  G  H  B  will  contain  |wice  as  many  Squares 
as"  the  Side  AB  contains  equal  Parts,  each  Square- 
having  one  of  the  equal  Parts,  into  which  A  B  of 
A  D  is  divided,  for  its  Side  ;  and  by  the  fame 
way  of  reafoning  it  will  appear  that  the  Parallelo^r 
gram  A  D  C  B  will  contain  three  time$  as  many 
Squares  .as  the  Side  A  B  contains  equal  Parts,  and 
in  seneral,    that  every  re^angular  Parallelogram 

contains 


contains  as  many  Squares  as   the  Produd  of  the 

Namber  of  equal  Pans  in  ifte  Bift  mulflpiya  ifl» 

the  Number  of  the  fame  equal  Parts  in  the  height 
contains  Units,  ^aeh  S^uait  bating  for  it's  Side 
ont  of  the  equal  Parts, 

Hence /ariQs  the  Sblutbit  <if  the  following 
Problems. 

*  >  •  »  '  . 

To  find  the  Area  of  a  Reftangular  t^^r&Uelon 
gram*  •   ' 

Rule^  Multiply  the  Bife  into  the  p^p^dicol^ 
Height,  atid  the  Prod  u A  is  the  Area  requir'd. 

Example. 

Suppdfe  the  Bafe  AB  (Ctt  the  preceedkig  Ft- 
gure)  of  the  Redangular  Parallelogram  A  B  C  D^ 
is  fix  Inches  in  Length;  and  the  perpendicular  AD 
three  Inches,  required  the  Area .  of  that  Parali^lcM 
gram  in  Inches.  ^ 

6  the  Bafe  A  B 

3  the  Perpendicular  AD 

Produft  i8  the  Area  of  the  JPaVallelogram  A^Ct> 
in  Inches. 

^fobkm  z, 

\   To  find  the  Area  of  an  Obliqiic-Anguiar  i'a-? 
Vallelogram. 

Rule,  Multiply  the  Bafe  into  the  perpetidieuUir 
Hei^t,  and  the  Proditdt  is  the  Area.  The  keafOA 
pf  this  Rule  is  evident  from  Art.  69,  Se^.  i. 

E9cmfU 


OjFt  MiElN^UB;  A.T1I  O^Ni         i  a  i 


Ouj    '^''i    4 


X 


*•  V 


t  . 


Suppofe  the  Bafe 
A  D,   of  the  Ob- 
lique-Angular   Pa-  •"'-'.* 
rallelogramADCR    . 

is  3tf  ftcfi<»,  irtflthe     L 
perpendicular  BE 


fi.U-i  t)('.}  i  a*-.   -^ 


B 


»I        }        T-1»    ►^l         K      J>'>''t^»        '^ 
.  J.k.      .fi      A      fc.      C    ^'    J«  »,  ^ 


1 2  Inches.    Requirld  the  Area  in  Inqbes. 

Multiplying  30  the  Bafe  into  1 2  Ao^Eerpendicu- 
lar Height,   aie Produft 36QJ  ij^e  Attaor-IJjjm- 
Ker  0f •  fguare  Iijches,  cojroin'd- m  tKs:.•pcopos^i**^' 
*-    •     *.  '        * 


Figurdv 


'.  A 


s 


/ 


/ 


To  find  tli^ Area  of '  a  Ti^gter- 

Rule.  Multiply  -thft -Safe  into  half  the  per^endi- 
cylar  Height,  and 'the  Produft  is  the  Area  re- 
quk'd.     The  reaiSn    of  this  Rule  is  plain  from 

r-.c  i. a  /?^i    e^^  e^J^H  cUf:c;> iG  !)w^   vj^vji 

v:  w7jTK}^/^ng?e:>^  B;0;'jrifppflfejhjs  J%:^;p 

i$.   50;r*iec»;^andr>the.  ^:....,.;, ' 

perpendicular  B  C   14, 

Required  the  Area, 

;    The  %  Bafe  56,   mul-    ^^ 

cgjlyM  Into  7,  half  thcf  ^^t  /  c^.  f^T 

perpertdjcidir^^-gives .  J92  tbp  f Area  t)r  fquaxe  l^eet 

containiefd  ia 'the, given  Tri^f^ie/  /  '       ^ 

'  jT9  Sfl^  ihe  Area  of  any  irregular  Figure. 


i  ■-.-:,- 1  ^  '\     2' 


T  t 


i;»/^ 


31Z         Of  MBN.SUBcATItJN:- 

Rule.  Reduce  the  Figure  to  triangles  by  draw- 
ing Diagonals  therein ;  then  find  the  Area  of  each 
Triangle  and  the  Sum  of  thefe  is  the  Area  of  the 
proposed  Figure. 

Exttwfift . 

Kequir*d  the  Area^  of  thele  irroruliar  F^ure 
AflCTFHGEt'.     " 


f4  »» 


.^   '  • 


^Draw  the  Diagonals  EHJ  EF,  E  D,  D  C  an  J 
D  A,  which  will  divide  the  Figure  into  fix  Tri- 
angles, in  each  of  which  let  fall  from  any  one  of 
it!s  .Angles  a  Perpendicular  to  the  oppofite  Side  $. 
then  fuppofing  the  Lengths  of  thefeto  be  as  the; 
are  exprefs'd  tKe  Figuret  the  Operation:  will  ftan^ 


as  follows 


into 


ABD 

ACD 

ThcAitaoftheJCED 

Triangle     NED-F 

EFH 
EGii 


34J-5  the  Area  of  the  whole 
Figure. 

FrcNm 


Of  MEHSUiCATION:^        s^i 

To  find  die  Area  of  any  regular  Polygon. 

Ruic.    Through     any  jthrec    of   the  Angular 
Eoint§^  draw  a  Circle  (oy  froh.  8.  Se£t.  i.)  which 
i^ill  pafs  diFo'  the  reft  alfo ;  .then  from  the  Center 
of  this  Circle  let  fall  upon  any  of  the  Sides  a  per-  * 
pendicular,  and  half  this  perpendicular  multiply'd' 
into  the  Sum  ojf  the  Sides  wUl  give  the  Area  h- 


>••••.•  I 


Examftf. 

'  Required  the '  Area  of 
die  Hexagon  AfiHl) 
E  F,  the  Center  of  whofe 
circumfcrib*d  Circle  is  C, 
and    the    perpendicular    c^/ 1         \  /  v^ 

C  G  from  the  Center  u^      A  C/;\  /^ 

on  one  of  the-  Sides  i%      \\  .    /  3^*^ 
20.8,  each  Side  of  the        'vv /*    \^ 
Polygon  being  24.  '#>l  ^^.^^te 

nc  $um'0f  the  Sides  .  ^  ••^-  » 
is  144,  which  multiply*4  by  10.4  hajf  the  per-^ 
pendicular,  gives  1497-6  the  Area  of  ^he  pro- 
pos'd  Hexagon. 

2.  It  has  been  found  by  Calculation  that  if  the 
Diam^crof  a  Circle  be  1 ,  tste  Circumference  of  the 
fame  will  be  3. 141 6  nearly;  and  confequently  th^ 
Diameter  of  any  Citicle  will  be  to  it?  Circuipafe- 
fcjnife  z»  I  tp  344it6»  0  e  cmtra. 

Cor.  I.    Hence,    multiplying  the  Diameter  of 
of  any  Circle   by  3. 141 6  the  Produft  will  be  the 
Circumference.    Thus;  let  the  Diameter  of  a  Circle 
be  36 ;  then   30   multiply'd  by  3. 1416  will  give 
X  13*097]^  t'h^  ^kcmpferjwjjce  of  jhe  prpyo^'d  Circle. 

T  %%  Cor* 


yz^        Of  -AtKl*  SU31  ATI  O  NTt 

Cor.  2.    Hence,  dividing  the  Circumference  of 

a  Circle  by  3.i4i6,t-^**^^^^^'^^  ^^  be  the 
Diameter.  So  if  the  Circumference  of  a  Circle 
be  75/39^94  V  ^^Po^tjbis  divided,  by  a.»4xf  ..^ 
give  24  th6  pisjnieter  of  the  propos'H  Circle* 

Now'  a  Circle  beariga  J^olygon  of  ai>  infinite 
Number  of  Sides^;the:Sijm  )ii'^'M:\i  .is  thc^ 
Circumference,  aijd  the  per^ndici^atf^  on'  any  bf 
them/th(?  Radiiw.j  Gierefori'  ''-  " . 


Given  the  Diamecer^f .  a  Grcle,   to  find -its 

Area.  ' 

* 

Rule.  Firft  find  the  Circunofia-cnce  t  (by^  ;the  .firft 
of  the^prficcolln^  Corollarias)  then  ipiiJtiply  Aat 
by  h^lf  the  RadiudJ  and  the|Pr9du^4^  xhe  Area, 


RjjQuir'd  :th6,Are^bf  a^  Circle:  wbbfe  PiametOT' 

is  i^\;  '",.   \/.  •""      '  -  • '  --'  ^  y    /   • 

Firft^rl.fin^^-the  Circumfcrei^ce is^  'ii$;c^7^r 
which  multiply -d  ^y  o  half  the  Radius^  gives 
1017.85*8^4  »the  Ai«a  Twjiiir^d.  '  ^-      .'       r 


Trokletn  7. 


The  CTircumffefeace  of  a  Circle  given,  to  fivA 
it&  Area.    ",    ••  ^  '  •■•'  •^'  '  ••  "     '  -    •'      -' 

/?»f<r.  Find  the  'Diameter,  by  Ccr.  2  ;  then 
ipultiply  the  Circumference  by  half  the  Radius^ 
and  the  Prtjduft'Js  (hri  Ai^c8.v 


•  -» 


•ReiquiV^d  the  Areaof  a-Gipcle,  whofe  Circum? 

ferencc  is  75.3984. 


O/vMEHSUHATIDtT.         ^i| 

i':ill^y  J  fi«d  die  Diairtetwno  be^24r  then 
jnultiplying  the  Circumference  75.39*4  by  half 
Ae' Radius'/ «fe:  6^  the  Produd  45:^.3904  is  the 
Ar^requirM.' ^' 


<T 


il  J 


»* 


■^  'Pfobkm  s; 


.^  %Fo  find  thtf  Area  of  an  Ellipfe, . 

'  'Rule,  /MiS|ti|)ly,fhp  greateft  Piameter  into  the 
kaf^ ;  9P^f&^  £rbi[li}£):  into  7S54,  and  ^^is  laft 
Produft  is' the  Area.; .  *  7    '" 
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fj 


V-  •  J 


•       t 


i. 


.  iiij|pi»ft  »fi  tl»e V fiWpfe  AH C D :: the   greatel^ 
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Diameter  AC  is. 36,  and  the  leaft Diameftr B D 
ap*.  JR^quir'd  the  Ar/sa  of  that  Ellipfe. 
'  JiJiuItipIying  36  mtb  20,  .the  Prodiift  is  7^0, 
Fhich  multiply^  into  .7854,   gives  565488  th^ 
j^r«pfthap|^q5ipij)fe.   -J  -  ;^^       :     ,• 


•^     -^     * 
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$1$        Of  MENSURATION. 

?.  A  SaSJ  is  that  which  ha*  length,  brta<fch 

and  thicknefs.  .  i 

4r  A  Cube  is  »  Solid 

bounded  by  Sis. equal 

.Squares.   Thus  the  So- 

Hd  ABCGFEHD 

bounded  hy  the  fix  e- 

.qual.Sqvalcs  A&CD, 

CDFG.     ADFE, 

AB  HE^  3  CigH 

and    HiGF  ?    is  a 

Cube. 

If  the  terminating   Squares  be   fquare  Inches, 

then  the  Solid  is  cafl'^  a  Cubic  Inch  i    if  fquare 

Feet,  a  Cubic  Foot,  idc. 

5.  The  Soliifipof  any  J3ody  in  Inches,  Feec, 
£^f.  is  liie  Number  of  Cubic  Inches,  Feet,  Gff. 
the  Body  contains.         ^  .  ■ 

6.  A  ParalkUppiped  is,  a  Solid -terminated  by  fi? 
QuadrilatepI  Figures^  Qf  which  <^ot)  two  oppofite 

B  ' ■.  \c 


to  one  another  are  equal  aqd  parallel,  as  A  B  G  G 
FDHE. 

The  Solidity  of  this  Body  is  found  by  niuleiplying 
the  Length,  Breadth,  and  Thicknefs,  into  one  an- 
other i  and  the  Product  is  that  rcquir'd. 
■  BxAtnple.  Suppofe  in  the  ParalU&ppiped  ABC 
DFGHE,  the  Length  EF  is  36  Feet,  the 
Breadth  DF  16,  and  die  ThJclfDeis  F  G  12  ■,  then  . 

Fhe^ 


Cy  MENSURA-XrOK.        jar 

thefe  three  mqldbly'd  into  one  another  will  ^ve 
691 2,  for  the  Solidity,  or  number  of  Cubic  Feet  rfw 
propos'd  Body  contains. 

The  Area -of  the  Surface,  or  ftiperficial  Cdn- 
teatof  that  Body,  is  found  by  taking  the  Siim  of 
jhc  Areas  of  the  Qyadriiatcrai  Figures  that  termi- 
nate it. 

'7.  If  in  a  reftanguliir.  Far^lelc^ram  AGG  F, 
one  of  ^c  Sides  G  C  remain  fix*dy.^d  the  Paralel- 
logram  move  quite  round 
to  its'firftPlace  ;  then  the 
generated  Soiid  A  D  H  F 
u  caird  a  Cylinder,  ,  ' 
.  The  Solidity  of  ^is  Bo- 
dy is  found  by  multipi 


_^    ^.         H  i> 

uig  the  Area  of  one  of  its  circular  Bafes  inta  the 
Lengdi.  Thus  let  the  Radius  AC  of  one  of  the 
Bafcs  of  the  CyUnder  be  6  Inches,  and^  the  Lengdi 
A  F  30  i  then  the  Area  of  the  Bafe  A  B  D  E  wiH 
be  113.0975  (by  Pre&iwB  6.)  which  multiply'd 
1"-,°..^^  Length  36,  giyes  4071.5136  for  the 
Solidity. 

.,  The  foperfidal  Content  is  found  by  multmlying 
the  Circumference  of  one  of  the  Bafes  ioto  the 
Lengdi,  and  to  the  Produd  adding  the  Areas  of 
the  two  Bafts.  ■. 

_S.  Solids  that   decreafe  from  the  Bafe  grid*; 


.ally  till  they  come  to   a  Point,    are  in  general 

call'd 


s^»      Of  MKiisu  ssAixzo  n:^ 

?ordk)g--to-riie'4^igbre  of  thcSf  JBafcs.  T^hus.A 
Pyramid,  having  a  Triangttlaf ^  Bafc,  h  cafled'^i 
THah^lar^Pyfamid>  a5  ABC^T,  W  if^theBafe 
trt^^a  faraHefeSgram;  *it'9^  caH'd  a-  Tarattkhgrarnkh 
-Pffiinid  as  DE.F^GK,  and  ir^Gtrcle,irt  tiW^^k 
Circular  Pyramid^  or  fimply  a  Cone^  as  L  M  ?f, 
(^(^Tht^Mihwkiih  tb*  P/rAifd  chdsj  is 
calKiTjHheK^^i^i  and  a-Lme'dHirh  ifrott  thft 
Vcr»x  pcrpcridicular  to- the' Bare,  *  rs'cSRyr 'flttS 
Heij^f  of  the  Fyramid.  '  •  ••  -;  ' ;''  ^'•.  ^-  -^^  *  '^^ 
' . T|ie .^^Solidicy.  of :  a ;  Pyramd ' k  'fptifid;' liy  inulti- 
plying  the  Area  of  die  Bafe  iJWo -f  Vthd- Heightl 
Thii^fuppofc  tfie  Dr?<iietei'''<rf^^«hte'  B^fe  of  ^  Gone 
is  24  Inches,  and  the  Height %¥^\  'then' the  ft rc^ 
trfitfaeiBafe  wiH'be  4i5<x.3^o^;  ^vhic*  rniiltipl/d  b^ 
^fi,  the. third. Part  of ^he  Height,- 'giVes 7 696.6 j68) 
/Thesfupcbficial  Cotitait  ofa  Gone^  \i  fountJ;l^ 
knultiplflrig  the  Cir<^tihiferenc>  &^^  iht^-  Bale  3at6 
ftfajlFthb:L,ine^jbining'the  Vertex  '^aiid  any-  Point  ik 
that  eircuniferenice^  *Sd  tO  th^t  Phidua  addiiig  th^ 
Area  of  the  Bafe.  _  /  ^' .^. 

:.   9;  It'arSenniicifde'  l^  tuVri^ii'  4*ffie;vi^rin4\;Uppa 
itS/  Diameter  las 'art  Itxis^  it  wiif'^eiiei'ate  a'Sofij 

The  Area  of  the  Surface  of  a  Gl^be,  Js  foiind 
fcy'in9lcipl]^iflg*the-  DiafB^feter-inte^  <h<5-"Cih:uAfe- 
ren^e  of  a  great  Circle  upon  it.  Thus  ^fuppofe  the 
Diameter  of  a  GMbe  is  16  Inches';'*  then  the 
Cir^jumference  of  a/.\^reat  Circle  upoa' that  Globe 
wUl\be  50.2656,  /which  muitiply*d  kyf  16  the 
r^ameter,  gives  ^64.2/^96  for  the  fud^i^dial  Con« 
tent  %  Inches.  /    ^     \  \  /   :    \ 

/  The  Solidity  of.  a.  Globe,  is  founfl  multiplying 
ihc  Tuperfiqal  Contciit.by  \  the  Diameter.  *v  Thus 
jTuppoie  the  Diameter  of  a  Globfe  is-  jB,  then 
the  Area  of  tlie  Surface  will  be  161 7.87^4  which 
inulriply'd  "by '3,  gives  3053:6352  for  the  Solidity. 


4 
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io.  We 


loVWeinw^  flie»«p^ir«a  feri>  the  Solidity  of 
a-Cone,   Kwing  the  Diameter  of  ehe  B»fe»  and 
Atf  He^fcr  gWcit,  aadthera*  we  have  a  Method 
offtfiihig-  thff  SoHdity  :of,  a:)J'/-w>r»i  V  a  Cone, 
bjrtwft   (ha    Diameierof  As  two-  Bafc*  and  th« 
Height wf  Tbs-  Frujttttjt  gitei. '  Ixt  •  F  ft.D  G  ,dc- 
not*  d.  Ffuft(Hn>of  tbff  Ci«c:  AB0,   BD    the 
gftawfty;afid■^^G-«hc  leaft  DiaMewt^ikf  die  Fru- 
ftifltt:  '  jGifl  Ac  Vertbx  df  she  ;  One  A,  and)  tho 
Oentec  df  tfte  ^afe  C  wicH 
the  right  Line  A  C  which 
»i»  prfs  thro^  'H  die  Cift*.  ■  -  ■ 
t^er  tif  flK>l^alfBAre  of 'tlte   ' 
Ff  uftufrt,  and  Ar**©'drSt^  -' ■ 
GE  parallel  It^  AC,  *hi«h' 
will  be  equal  td  H  C  She    '  ' 
Height' oP  (be  Fnrifems    -^ 
then  *ti9  etWent  thatBl>     ■ 
vat  be  the  diSertneebi-' 
t*een*e'g¥iat*ftan<t>eEft    ■  ■ 

Son»d>an»«a;n>«f  cfK-Fra- - 

ftum,  and  fince  the  Tri-     -g  t)  ■■ 

angles  ACDandGED. 

are  fimilar,  therefore' (67  /frA  74.  Se£J.  i.)  D  E-: 
D  C  :t  EG  :  C  A,  i.  1?.  as  .the  . difference:  between 
the  greafeft  and  leaft  ^midiairieters  df  the  Fru- 
Aum,  is  to  the  greateft"  Semidlatfieref,  'iS  is  fhe 
Heiafit  of  the  Ffuflum,  to  the  Height  of  the 
vrtime  Cone.  Coirfequently  having  the  Diameter 
of  the  Bafe,  and  Height  of  the  whole  Cone  we 
caQ  £nd  its  Splidity  -,  and  from  A  C,  the  Height 
of  the  whole  Cone,  t^Ine  C  H  die  Height  of 
rfie  Frufturti,  we  have  AH  the  Height  of  the 
Cone  cut  off,  widi  whicfe,  and  the  Bafc  F  G,  which 
is  given,  we  may  find  the  Solidity  <^  the  fone 
Cut  otF,  A  F  G.  Confcqu€ntly  from  the  Solidity 
of  the  whole  Cone  A  B  D  taking  the  Sondity  of 
the  faiall  Cone  AFG,  there  will  remain  the  Soli- 
dity of  the  Fruftum  F  B  D  G. 

U  u  Example. 
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Example.  Suppofe  ehe  gjretceft  .Dkmttsr,  of  the 
Fruftum  of  a  Cone:.is  2Q  and  .the  Icafl:.  12,-  and 
the  height  12  ;  then  the  differiencp  betwcfib  the  two 
Sefnidiameters  will  be.4)  and  mftkidg.it  as  4:  ip  :r 
.  12  :  30^  we  have  30  for  the  Height  of  3ie  whole 
Cone,  and  from  go.tatkifig.  i2>  there' remains  iS 
the  Height  of  the  leaflr  Gone ;  fo.  tho  Solidity  of 
the  whole  Cone  is  .3141.6^  and  the;  Solidity  of 
the  leaft  Cone  is  67 8;g 8 5 6,  the  difference  ^of  thefo^ 
is  2463.of44g  which  is  tJiR/  Solidity  of  .the-pro^- 
pos*d  Fruftw".  ^         *   .         '  , 

The  Supeinficial  Content  af  a  Fruftam^f  ft  Cotoe 
is  found  9)^ adding  to  theTiiperficial  Cooftent  ofr 
the  whoJqf  Cone,  twice  the  Area  pf  the  Bafe  of 
the  fmall/Cone;  and  from  that  Sum.  taking  the  fu- 
perficial '  Cohtent  of  the  fmall  Cone. 

1 1,:  We  have  in  the  preceeding  part  of  thia 
Book,  fliewn  the  Ufe  of  Plain  Trigonometry  in^ 
folvin^  Problems  of  Navigation  ;  and  now  we  fliall^ 
apply  it  in  (he  following:  Problems,  to  the  M^r 
furing  the  Heights  of  acceflable  and  inacceflable 
OJbgeds. 

Trablem  i. 

To  find  the  Height  of  any  acceffable  Objefl:. 
Let  B  C  be  the  Objefl:  to  be  obferv'd,  and  from 
any  Point.  A  in  the  Level  upon  which  the  Objeft 

Q.  Hands,  let  the  Angle  of 
Altitude  C  A  B  be  ob- 
ferved,  and  meafure  the 
diftance  A  B ;  then  in  the 
Right  Angled  Triangle 
A  B  C  are  given  the  two 

i^-^  oblique  Angles  A  and  C, 

•      ^-^<^  and  tJwrSia^AB,  whence 

to  find  BC  it  will  be,  hy  Cafe   i.  of   Rellan^ular 
trigonometry^  / 

R:  X,  A::AB;BC. 

Example, 


laooooo 
9.88341 
2.064^6 
1.94787 
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Example.  Suppofe  the  Angle  of  Altitude  CAB 
is  37^,,  24'  and  the  Length  AB  116  Feet,  then 
for  B  C  it  will  be     ^ 

<AsRadid3     ;-    ^     -     -.  .  -     -    - 
ul  to  ihe^Taiag.  of  Altitude   -  37^„24» 
fo  is  A  B    -    -    -    -      -.-11^    '• 
to  the  Hcjghto/  tbeObjeaB.C  88^9  - 

.Note,  In  ^taking  the.  Height  of  any  Objedb,  if 
the  £y.e  benpt  in  the  Level  upon  which  the  Ob- 
jeA  ftands  ;  th^to  ch* from  the  Height  found,  you 
o^  ,a4d  or  fujbtr^d):  the  ^illaDce  of  the  Eye  from 
the  Level,  accoixling  as  it  is  placed  above  or  below 
it,  and  the  Suno,  or  pifierence,  is  the  true  Height 
of  the  Objeft. 

The  Hpight  of  aa  accefiable  Obje&  may  alfo 
be  found  by  means  of  its  Shadow.  Thus  fijippofe 
CB  is  (I^e  Qbied^.^aiid  BA,   its  Shadow,    caus'd 


:by  the  Sun  at  S,  and  let  ©  E  be  a  Stick  of  a 
known  length,  plac'd  perpen^cular  to  the  Line  of 
the  Shadow,  and  io  Totntf  Pbint  of  it  D,  fo  as  the 
Extremity  of  the  Shadojys  of  theQbjea  and  Stick 
may  coincide  at  A.  Meafure  AD  and  A  B  thq 
Lengths,  of  the  Shadows,  and  then  finqe  E  D 
and  •  C  B'  ire  both  perpendi<jular  to  A  B,  i? 
^ilH)e  J  as  A  D  die  Stick's  Shadow,  is  to  DE 
the  Length  iof  the  Stick,  fo  is'  AB  the  Objea'^ 
^hadgw;  to  Cf^  t|ic  Height  pf  0ic  Qbje<t, 


1 


•.  J* 


Un  a 


Problem 
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'PfuMem  z.     - 


To  find  tfee  Altitudeof  die  Sun  -by  die  IMngth 
of  the  ShacicHV  of  an  -axxdTable  •  OJ>je(S,^.«rhdfe 
meafurc  is  aMb  known.  -  -    -     ' '  ' 


%\         ^  t.A        S^     t 


Let  CB  reprefent^'a^  Stick,  or   any-^-^birtier'ac- 
ccflabk  Ob>d  bf  :i;  .  kfloWii '  Lcfl^fh;    ffwding 

'^ij^ndicukf  tio'tliie.Ho^ 
rizonwl-  ^  PfeM  •  A  B/^  and 
let  A  8  be  its  Shades 
made  %y  the  'Swi  -at  SI  ]^ea* 
fttrc  *e  length  of  the  Sha- 
dow AB,  and  thbfi  1h  the 
R%ht  Angled  Triangk  A 
B  C  Are  given  the  two  Sides  AB'and  BC,  Whence 
to  find  the  Angle  €  A  B,^  of  the  Altitude  of  the 
Sun  at  the  time  of  Obfervation,  it  will  be,  ^j  Cafe 
4ih  of  Re^4ngular  Tr^onometry^ 

A  B  :  B  C  : :  R  :  T,  A. 

Example.  Suppofe  the  Stick  B  C  is  4  Feet,  and 
the  Shadow  of  it  A  B  5,  then  for  the  Sun's  Alti- 
tude it  will  be 
As  the  Length  of  the  Shadow  5  »-  0.69897 
is  to  the  Lengiji  of -the  Stick  -  4  -  0.60206 
fo  is  Radius  --.-.-  ..  10.00000 
toibe  T*ng.  of^the  $pn's ;Aic, .  38°i>^9i^^-903P9. 


:^r#^%>-. 


To  find  the  Bci^hf  ahd'-Diftance'^fef  an  inac- 
ccffaWe  Objcft.    V    -'-      \^  ."    '   '\' 

Let  p  E,  reprafpnt  an  ipiAcpeflfable^^plgc^,  isu^d 
B  a  Point  m.  th^  HoriMncal  Plan<?'  on  which  It 
ftands,  And  from'wjje^e  w^:  can  obfprvc  fli^^^i* 
of  Alticud?  D  B  J5*  -^tpy  bthjer  Poii>t^ih  tb/?.fam^ 
Plain  as  A,  bbfcrve  tneAngle  of  Altitude  DAE, 

and 
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ini^wafuMiiche-Lteijgth  of  Afr  dw  ©iftance  be- 
tween the  two  Stations  A  and  B  5  then  in  the  iTri- 


« ; 


«  I 


^ 

r  1 

..'^':.i    ' 

-  ^y^'-  /wr^   • 

^^3*^6"          - 

■■  i 

I  • 


t 


angle  A  B  D  having  the  external.  Angle  D  ^  E  to- 

f"  "Bier  with  the  iotcriiaJ  oppofift^  one  A>  we  haw 
d'AnglcADB  (bj  Jrt.  60,  S^ff,  i:)  and- alfp 
the  Side  A  B;  whence  for  BD  the'HypothpnqfciQf 
tW^ight  angled  Triangle  DBE,:  it  will.^bcv  h 
Oj/J'2.  of  Obliquejinikd  Trigonometry^ 
"  S,  ADB:  AB::S,  A':BD.  ; 

Then  in  the  Right  Angled  Triangle  B  D  Eare 

§iven   the    Hypqthenufe    B  D    andjche  Obliqijc 
Lngles  i  whence  for  D  E  the   Height  of  the  Ob- 
jeft,  it   will  be,  ^  Jiy  Cafe  3^  of  J^ctangular  Jtrigo^ 

nemetry^  .  ^      .     .        > 

R:S,  PBE::BD  ;.DE;. 

And  for  BE  theDiftance  of  the^'Objeft  from 
the  nearcft  Station,  it  will  be,  by  the  fame, 

R  :  S^  B^DE  ti  BD' :  BE. 

,     Example.    Suppofe  the*  Angle  of  Altitudfe  at  B 

iE'43*^„  30'  and  at  A  32^,,   la'  andtlw  Diftanc^ 

-AE  between  the  two  Stations  is  1 11  Feet ;  then  the 

-^ngteiADB  will  be  nV  iS^and  the  AnglcB 

D  E'wifl  be  46^,,  36^*  ^  Hence  for  BD  it  .will  be- 


i»  t\ 


As  the  Sind^^of  A D  B    -  '  ii«^,,^,  18'  •  9.29^14 

i&.ttfAB     -'  ^    -     -'    •  112*     w     .  2.04924 

/fefis-the  Sitte'of;  A     -^-  32^v,  12'-  97265} 

<pBD-    -    -'-^    .  304.6    -  •  -  2.48371 

v       :         -  Then 


«?*       ofsuKy:BYmic: 

Then  for  D  E  the  Height  of  jthc  Ot^ed:  k 
,wiJl  be.         .  !.     ,        '  -■• 

As  Radius    --------     lo.ooooo 

is  to  the  S/ne  of  D  B  E     ^     43  Sj  3o'   -   9.83781 
foisBD     T-     -    -    -     304.6     -    -    2.48371 

to  D  E 209.7     -    -    2.32152 

LaftJy,  For  B  ^  ^^  Diftance  of  the  Objeft 
from  the  Qeareft  Station  it  ^1  be, 

Ajs  Radhis  -  -  r  -  -t"  .^  -  -  10.00000 
is  to  the  Sine  of  B  D  E  -  .  46^,"  30/  %  9.86056 
fo  is  B  D  -  ."- -  -/'-  ^04.6  -  -^2.48371 
toBE-T-.     --    221     -     -      2.34427 

*  If  the  Objeft  ftahds  upon  a  Rifing  Ground,  tpen 
0nd  the  HeigHt^.bf  thie  Qbjedl  above  the  Plain  oji 
/which  you- ftand  X^y /^^  /^y?  Pr(?Wi?w)  as  alfp.  the 
'Ij^cfight  of  fome^rpint  on  the  Rifing  Ground  ne^ 
^iie  root  of  the  6bje(^,  ^nd  thfe  laft  Height  taljen 
from  the  fgrmef  will  give  the  jrue  Height  of  the 
Obiea.    •  •     '  -     ■ 

I  ♦    'I  •  — * 

.«••>'  •        '         '  .*.  ..i 
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I.  ripIJE  Inftrumeots  chidftjr  in  Ufe  for  taking 
.  X'   Angles  in  the  Field  arc,,  the  .Plain-^hle^ 

^StbeadoliUy  Compafs^  Semctrpk^  &c.  The  Nature 
land  Ufe  of  whic^  is  mucli  ^fi^r  obtained  by  vielv- 
flpg  the  InftrumeniW'themfeivesi  :tban  by:  a  Defcrifi- 
tiqj^of,  them,  from  their  Draughts  upon  Plaper..  '  i 
.  *  2.  To  tne^ure  Diftances.  qpoh  the  Field,  they 
4Dqmmonly,  Ufp  ^^,G»«<ifr*s  Chain,  which  contains 
ji^ 2 'Yards  in  Length,  the  fourth  Part  ofwhtdi 
is  5i  Yards,  pr  j  6i  Feet,  ia  call'd  a  Perch  ot  Poki 
J,'/;  Cpnfeauently 


• 


confequently  a  fquare  Chain  contains  16  fquare 
Poles,  and  fince  an  Acre  contains  10  fquare  Chains, 
therefore  160  fquare  Poles  is  equal  to  one  Acre. 
This  Chain  is  commonly  divided  into  100  equal 
EairiS.  called /li«iy,.  and  is  fodidimcs.  marked' at 
every  10  Links  for  the  Conveniency  of  working 
by  Decimals.  /A-  :     '       ! 


I ) 


^  »' 


'( 


^rcbji^i  ^ 


•»  -:i 


CV 


4 » 


v 


i>^ 
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e^  JTo  find  the  Diftlince  of  ahy  Objed  from  i  gi- 

v^li  Point.     »  '  ,       \^         ^         / 

t  .'l^et  the  Objefl:  be  D,  ai\d  the  ^ivpft  Poin^  A ; 

thett'  let  th©  diftance.  betweep  A  and  any  other 

Points  (from  whence  we  can     '        .        - 

feetbe  Obje^)  betoeafur'd, 

and  'With  a  Semicircle,  or 

any  'dther    j>repei:    Inftru- 

ttknr, '  take  the  Angles  D 

AB   'and  ABD;  jthcninr 

the  Triangle  A  B  D    are 

giv^^n  the  Angles  ^and   the 

Side  A  Bi    whende  ^  to  find 

die  STide  A  D  it  will  be,  by 

Chfe'   2d   of   OMiqUe  Angled  ^ 

Trigonometry^ 

S,  D  :  AB  ::  S,  B  :'AD.     • 

Example.  Sup.pofcB  A  is  126  Feet ;,  the  Angle 
A  98''„  lK  the  Angle  B  46^^,,  33'  and  confe^' 
quently  the  Angle  D  35^,,  20'  5  then  for  A  D  it 
will  be 
.  As  the  Sine  of  D     -    - 

J  r  

1$  to  the  diftance  A  B  - 
fo  is  the  Sine  of  B  -  - 
to  the  dift.  between  A  and  D 


35% 


,  20'  -  9.76218 
126    -     .  2.10037* 
46%,  33'  -  9-86092' 
158.2     -     2.19911 


Problem 
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fProhlem  i. 


II  •     I        <» 


To.  find  the^'Diftfuice  bbtnrecsi  thro  maoceffidslt 
Qbje<^s.         ,;^  ■•  ;.iovr--  '   *iij   lo:    /: .  .  •■•-  vj'^ 
"  Let  the  two  Objefts  be  A  and  B,  xo  i/AaSi  ird 
cannot  approach,  being  hindered  by  a  River,  6fV. 
^^  ^Ij^affilmr  in  ibme  con- 

venient   Place     two 
..   Pbtots    €'.aiid;ip, 
from  each. of  tfhi^ 
yt)i|  c^.iee  the  two 

^  fVFrq^^t^.  diftaiJCf,:b<54 
. :  v»tm}  them  ;  .tU^.>I 

thfci^^nt  C.ot>fcfe>» 

the  Angles  A  CiD  and  D  !£  ^y  and  ^t  yD 
obferve  the  Angles  CDB  aud-rC  D  Ajf-^ft^ 
in  the  Triangle  ^C  D  B  af<5..giyC4  .the  two  t^ttr 
glcs  B  C  D  and  C  D  R  (and, ,  o^nftqutfltif  t)M 
Angle  C  B  V)  amd  ibc  S«icje,  C  D  ;r  whcMKe 
to  find  CB  it  will  hi  S,  CBI>: :  S,  CDB:;':^. 
C  D  :  C  B.  Again,  in  the  :Tmngle  A  C  D  SM?ft 
given  the  two  Angles  A  CD  and  A  D  C  (and  ccfl-^ 
fequently  the  Angle  CAD)  and  the  Side  C  D^ 
whence  to  Bnd'A  C  it  will  ;bf  A  <*  AD  :  S/  C 
P  A  : :  CD  :  CA^  Laftlyj  from. the  Angl^  A 
C  D  take  the  Angle  D  C  B)  and  thjere  will  rexnaio 
the  Angle  A  CB  ;  then  in  the  Triangle" A  C  ft 
are  given  the  two  Sides  ACandCB,  and  the 
included  Angle  A  C  B,  whence  A  B».  the  diftance 
between  the  two  Objefts  is  fiaund  by  Cafe  ^tb  of 
Oblique  Trigommetry. 


Example. 
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Example.  Suppofe  the  Angle  A  CD  is  94^,, 
S5\  the  Aiigle  BCP  4i*»  25^  the  Aiigle  C 
P  B  J03^„  14',  the  Angle  ADC  46^,,  44'  and 
the  Side  CD  144  Feet:  Thcniftfor  CB  it  will  be 
As  the  Sineof  CBD  -  35^,,  21/  -  9.76236 
is  to  the  Sine  of  CD  B     -      itf3„  44  -9,98831 

fo  is  C  D 144     -     .   2.15836 

toCB 242,3      .     2.38431 

adiy^  For  C  A  it  well  be 

As  Che  Sine  of  CAD    -  38*^,,  2if  .  9.79256 

is  to  the  Sine  of  CD  A    -  46,,  44  ^  9.86223 

foisCD----'-  144..  2.15836 

ik>CA*-    -    •-     -  169.1      -  2.22803 

Laftly,  For  A  B  it  will  be  .      ^ 

As  the  Skub  of  the  Sides  1      ^ , ,  ^  ^  ^      ^ 

ACandCB    -    -    -  |     *"-^     "     ^'^'^^^ 

is  to  their  Difference     -      -    s  73*2     •      1.8645 1 

foisliheTang.x>f  itheSum7    ^^0      ^. 

oftheAngJCABandCBAj   ^^S*  15^-10.29753 

to  thfC  Tang,  of  i  their  DifF.     19,,  26  -    9,54778 

Then, 

^  As  the  Sine  of  C  B  A     •  43^',,  49'  -  9.84033! 

U  to  the  Sine  of  AC  B     *  53„  30  -  9.90518 

foisAC    -    -    -    -•-  169. 1      -     2.22S03 

to  AB     -     -     -     -     -  196.3      -     2.29188 

Confequently  the  Diftance  between  the  two  Ohi- 
jeds  A  and  B  is  196.3  Feet. 

■ 

To  take  the  Plot  of  a  Field  at  one  Station,  in 
or  near  the  raidc^le  of  it  i  when  we  .caji  from  thence 
fee  all  the  Angles  or  Corners  of  the  Fields 

This  may  either  be  done  by  the  Plain-  Table  or 
Theodolite^  or  any  of  the  other  Inftrumentsabove- 
inentioned. 

X  X  Let 


as  A 
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Let  A  B  C  D  E  reprefept  the  Field  ;  and  firft 
fuppofe  you  are  to  plot  it  with  the  Plain-Table; 
Having  planted  the  Table  with  a  Sheet  of  white 
Paper,  fix*d  upon  it,  in  or  near  the  middle  of  the 
Field,  as  at  G  5  mark  a"  Point  upon  the  Paper  to 
reprefcnt  the  Point  of  the  Field  on  which  the  Table 
flands,  and  laying  the  Edge  of  your  Index  upon 
that  Point,  and  keeping  it  there,  turn  it  about  fo, 
as  you  can  thro*  the  Sights  fee  one  of  the  Angles 
—  ^       then:  from  the  Point,   along  the  edge  of 

the  Index  draw  the  Line 
G  A,  and  meafuring  the 
Diftance  on  the  Field 
frojTi  the  Piaki- Table  to 
the  Angle  at  A  in  Chains 
and  Links,  take  it  from 
any  convenient  Line  of 
equal  Parts,  and  fet  it  oflF 
upon  the  Paper,  from  G 
to  A  along  the  Line  G  A ; 
then  ('keeping  the  Tabic 
ftill  fix'd  as  it  was^  turn 
the  Index  fo  as  it  lying  with  its  Edge  upon  the  Point 
G,  you  may  thro'  the  Sights  fee  the  Angle  B,  and 
drawing  the  Line  G  B,  m^afure  the  Diftance  G  B 
in  the  Field,  which  fet  off  upon  the  Table  from 
G  to  6  ;  after  the  fame  manner  drawing  the  Lines 
G  C,  GD  and  G  E,  and  joining  the  extremities  of 
them  with  the  Right  Lines  A B,  BC,  CD,  DE 
and  E  A,  the  Field  is  protraded,  and  the  Lines 
B  A,  A  E,  (Sc.  taken  from  the  Scale  from  which 
you  protraft  the  reft,  will  give  the  Lengths  of 
them  in  the  Field. 

To  perform  the  fame  with  the  Theodolite,  place 
the  Inftrumeiit  in,  or  near,  the  middle  of  the  Field, 
as  at  G,  and  fo  as  the  Needle  may  hang  direftly 

over 
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over  the  Meridian  Line  of  the  Chard,  which  let 
NS  rcprefenf,  then  dired  your  Sights  from  G 
to  the  Angle  A.,  and  obfcrve  the  Number  of  De- 
grees it  cuts,  or  the  Bearing  of  A,  which  fuppofe 
to  be  N  i6^„  24' E,  and  place  this  in  the  Field- 
Book-,  together  with  the  Diftance  in  Chains  and 
Links  from  C  to  A,  and  proceeding  the  fanmc 
way  with  the  reft  of  the  Angles,  you'll  have  the 
bearing  of  each  Angle  fro/n  the  Meridian,  together 
with  the  Diftance  of  ea^h  from  the  Inftrument,  in 
your  Fiek}*3ook,  the  Form  of  which  follows. 

The  F I  eld-Book. 


Angles 

Bearings 

Chains 

Links 

Remarks 

A 
B 
C 
D 
E 

N  i6„   24  E 

S  73»  Z5  E 
S  19,,  15  E 

S  54,,  56W 
N59,,  40  W 

.    7 
7 

.»7 

20 
60 

26 

The  Table  is  rul'd  into  five  Columns ;  in  the 
lirft  are  mark'd  down  the  Angles  exprefs'd  by  Let-, 
ters,  or  any  other  Charafters  at  pleafure  ;  the  fe^ 
cond  contains  the  Bearings  of  thefe  Angles  from 
the  Meridian  ;  the  third  and  fourth  their  Diftances 
in  Chains  and  Links  from  the  place  of  Obfervati- 
on,  and  the  fifth  is  for  any  remarkable  Occur- 
rence. 

Having  marfc'<l  down  the  Bearings  of  all  the 
Angles  in  the  Field  from  the  Meridian,  together 
with  their  Diftances  in  Chains  from  the  place  of 
Obfervation  in  your  Field-Book,  you  may  after- 
wards protraft  it  upon  Paper  in.  the  following  man- 
ner, viz.  Affume  any  convenient  Point  in  the  Pa- 
per tp  reprcfcnt  the  place  of  Obfervation,    and 

X  X  2(  through 


I    / 
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tbfough  if  dmw  a  Line  reptefenting  the  MmAhh  5 
then  from  that  Point  draw  Lines  making  Angles 
with  the  Meridian  as  in  the  Field-Book^  and  fet  off 
from  the  faid  Point  upon  thefe  Lines  the  fevcral 
Diftanccs  ejcprefs'd  in  the  Field-Book,  taken  fr^m 
any  Scale  of  equal  Parts  ;  laftly,  joining  the  Ex- 
tremities of  them  with  Right  Lines,  the  Field  will 
be  protracted  ^  and  the  Area  of  it  irt  Chains  may 
be  found  by  Proh.  /^.  SeSt.  15.  which  divided  by  10 
will  give  the  Area  irt  Acres. 

Tbe  Method  of  plowing  a  Field  by  the  Semieir^ 
cle,  Circumferentor^  e?r.  differs  fo  little  from  the 
way  of  doing,  the  fame  by  the  Theodolite,  that  it 
would  be  altogether  needlefs  to  fhow  it  in  each  of 
flhem.  *  When  the  Angles  of  the  Field  are  at  fuch 
4  Diftance  from  yoo*,  that  you  can't  perfeftly  per- 
ceive them  from  your  Station  i  then  p^t  marks  of 
white  Paper,  or  pieces  0f  Linnen  at  each  of  them, 
ip  as  you  may  ealily  fee  them,  ' 

If  it  be  mdre  convctiient  to  plot  the  Field  at 
one  Station  ia  or  near  fome  corner  of  the  Field  ; 
tlhea  you  arc.  to  da  it  thi^  fame  way  by  the  Plain- 
Table,  Theodolite,  or  any  other  of  the  Inftrumcnts, 
as  when  your  Station  was  in  or  near  the  middle  of 
the  FieWi 

» 

Problem  4. 

To  plot  a  Fidd.at  two  Statioss  near  the  middle 
thereof,  the  Diftance  between  which  Stations  i^ 
known,  and  fromeich  of  which  all  the  Angles  in 
the  Field,  can  be  eafily  fcen. 

Let  the  Field  to  he  plotted  be  CDEFGHK, 
in  which  chqfe  two.  convenient  Points  A  and  B  near 
the  middle/  from  each  of  which  you  can  perceive 
all  the  Argles,  and  the  Diftance  between  which 
you  know  %  then  if  ys>\x  are  to  plot  it  by ,  the  P/^ir>r^ 
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fTahle^  l^trk^  Table  upon  fhe  Pwnt  A,  and 
mark  a  t^rtam  Point  upon  the  Tabic  to  reprefent 
It,  upon  which  lay  the  Edge  of  the  Index,  and^di- 
rcdk  the  Sights  to  the  other  Station  B,  and  by  the 
Side  of  the  Index  draw  A  B  •,  th^n  fron:>  A  along 
that  Une  fet  oflF  a  Line  A  B,  taken  from  any 
convenient  Scale  of  equal  Parts,  equal  to  the 
Diftance  between  your  two  Stations  i   then  laying 


the  edge  of  your  Index  upon  the  Point  A^  and 
direding  your  Sights  to  D,  draw  the  Line  A .  D  ; 
the  iame  way  keeping  the  Edge  of  the  Index  on 
A,  dired  the  S^hts  1:0  all  the  other  Angles  of  the 
Field  fucceflivcly,  ajid  draw  the  Lines  A  E,   A  F^ 
0c^   then  remove  the  Table  to  the  other  Station 
By.  and  laying  the  Edge  of  the  Index  along  the 
Line  A  B,  tuip .  the  l^le  about  till  you  can  thro* 
the  Sights  fee  the  other  Station  A,    and  fixing  the 
Table,  lay  th^  Edge  of  the  Index  on  B,  and  dtreft 
the  Sights  to  D,  and  draw  die  Line  B  D,  whicH 
will  interfed  A  D.  im  D  ^  the  fame  way  koeping  the 
Edge  of  the  Index  fBll  on  the  Point'B,  direS  the 
Sights  to  all  the  other  Angles  of  the  Field,   and 
draw  the  Lines  B  E,  B  F,  t?r,    which  will  intetr 
feft  the  former  Lines  drawn  from  A  in  the  Points 
£,  F,   G,  (^c.     and   joining    thefe    Points   with 

Right 
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Right  Lines,  ydu^ll  have  the  Plot  of  the  Field,  and 
the  Lines  DE,  E  F,  (^c.  taken  from  the  fame 
Scale  of  equal  Parts  that  A  B  was  taken  froni, 
wiJi  give  the  Diftances  of  the  Angles  in  the  Field 
from  one  another.  Laftly,  The  Area  oF  the  Field 
being  thus  protraded,  may  be  found  by  Prob:  4. 
cf  the  laji  SeSiion. 

In  plotting  of  a  Field  at  two  Stations,  you  ought 
to  take  the  Stations  as  far*  afunder  as  conveniently 
you  can ;  for  the  nearer  they  are  together,  the  more 
danger  there  is  of  contracting  an  Error,  &?  e contra. 

To  plo't  the  fame  by  the  Theodolite  %  having 
fix'd  the  Inftrument  in  one  of  the  Stations  as  A, 
turn  it  about  till,  the  Needle  be  direftly  over  the 
Meridian  Line  of  the  Chard  ;  then  turn  about  the 
Index  till  you  can  through  the  Sights  fee  the  other 
Station  B,  and  obferve  the  bearing  of  it  from  the 
Meridian,  and  meafure  the  Diftancc  in  Chains  and 
Links,  bath  which  fct  down  at  the  Head  of  the 
Field-Book.    Thus  . 

A  B  S  75**,,  23'  E 3  Chains  24  Links. 

?Then'turn  the  Index  to  the  Angle  D,  and  obferve 
icsl bearing  from  the  Meridian,  and  the  fame  wa^f 
turning  the  Index  to  all'the  Angles  of  the  Field, 
obfcFVc  the  bearing  of  •  each  of  them,  which  fct 
.down  in  the  Field-Book  in  the  fecond  Columii, 
.marked  at  the,  top' thus.  Station  A.  Then  go  ^9 
'the  Station' B,  and  fixing  your  Inftrument  as  b^- 
'fore,  turn  the  Sights  to  the  Angle  ;D,  and  obferve 
the  bearing  of  it  from  the  Meridian,  and  the  fame 
way  turning  the  Sights  to  the  reft  of  the  Angles, 
obferve  the  bearing  of  each  of  them,  which  mark 
down  in  another  *  Column  of  your  Ficld-Bopk, 
marked*  at  the  top  mih:^ Station  B,  and  your  Worl^ 
;in  the  Field  is  fihffliM  j  the  plotting  of  which  up- 
on Paper  is  fo  plain  and  cafy  chat  it  needs  no  Jl^- 
'  ample. 

:,  ■     .  '•• By 


0/ SURVEY  IN  a  34  J 

i  Bf  this  Method  the  principal  Places  in  a  Sur- 
vey bf  a  County,  or  any  large  Piece  of  Ground 
may  be  blaced  in  a  Map,  viz.  By  making  Choice 
of  two  Eminences  for  your  two  Stations,  the  Di- 
ftance  between  which  you  can  meafure,  and  from 
each  of  which  you  can  fee  all  the  principal  Objefts, 
fuch  as  ChurcbeSy  CaJileSj  Hills^  Gentlemem  SeatSy 
and   whatever  elfe  is  jjeniarkable  in  the  Ground 

'you  are  furveying. 

If  all  the  Angles  of  the  Field  can't  be  feen  it 
two  Stations  5  then  make  Choice  of  a  third,  from 
whence  you  can.fte  any  of  the  former  two,  and 
the  ^  Diftance  between  which  you  can  meafure  ^ 
and  if  that  be  not  fufficient,  then  ufe  a  4th,  5  th, 
fc?c.  Station: ;  by  whiclfi  means  you'll  always  have 
two  Stations  to  proceed  with  through  the  Country 
yoiiareto  furvey,  be  it  ever  fo  large.;  and  even 
m  a  Field  where,  you  can  take  i;he  Survey  of  it 

•at  two  Stations  alone,  the  chufing  a 'third  Station 
frorft  whence  you  can  fee  one  of  the  former  ohes^ 
and  alio  all  the  Angles  of  the .  Field,  and  therce 
taking  the  Plot  of  it  as  before,  .is'a.fure  way. of" 
proving  your  former  Work,  Ir, 

'        .  ...  :     r 

^  '     Trobtem  5.  :\  .*j 

To  plot  a  Field  by  going  round*  it.       ^      ;•  " 

Let  the  Field  .be  A B  C  D  E  F  A,  and  fuppdie 
:you  are  to  plot  it  by  the  Pkin-Tablei  Haying 
fix'd  your  Inftrument  at  any  pf  the  Angles  of  the 
Field  as  A,  mark  a  Point  upon  the  Paper  to  re,- 
prefent  it  \  then  laying  the  Edige  of-  the  Index  up- 
on A,  turn  it  about  till  through  the  Sights  yoi 
can  fee  the  adjacent  Angle  F,  and  along  the  Edge 
of  the  Index  draw  the  Line  A  F,  which  meafure 
in  the  Field,  and  taking  that  frpoi  any^  Scale  oV 
.equal  Parts,  fct.  it.  off  upDn  the  Ling  A  F  on  the 
:      .  ....  Tabic 


Table  from  A  tto  F  i  then  move  your  Table  ftont 
A  to  F  in  the  Fkld,  and  laying  the  Edge  of  th« 

fndex  on  F,    turn 
■^  "    it  about  till  through 

ihe  Sights  yoa  can 
fee  £,  and  dta,w 
th«  Line  FE, '-which 
meafurein  the  Fidd, 
and  taking  it  from 
die  fame  Scale,  fet 
it  off  iqx)n  theTable 
from  F  to  E :  after 
th^  fame  manner 
proceeding  wkhthe 
reft  of  the  Angles  youll  hare  the  Plot  of  iho 
Field  ..:••• 

To  plot  the  fame  by  the  TheodoBte.  Having 
placed  your  Inftrunient  at  the  corner  of  the  Field j 
voii  are  to  begin  from,  as  at  A,  fet  the  fod«f  xt 
60  Des.  CO  Min.  then  turn  the  >  Ihftrumeni  alxwt 
^Ith  that  end  of:  the' Index  forward  /or  towwdaF) 
that  lies  upon  06  Deg.  Oo.Min.  oil  yoo  can  thro* 
the  Sights  fee  the  Angle  F ;  and  there  Sxing  th« 
Inftrument,  turn  Ae  Index  about  till  you  can 
through  the  Sights  fee  the  comer  B,  and  mark  the 
Degrees  (in  your  Field-Book;  cut  by  the  Index, 
which  will  be  the  meafure  of  the  Angle  F  A  B, 
and  meafure 'A  F  in  Chains  and  Links,  which  alfo 
mark  down  in  your  Field-Book  -,  then  remove 
your  Inftrument  to  F,  and  placing  the  Index  upoft 
the  beginmng  of  the  Degrees  as  before,  tftrn  the 
Inftrbment  about  tiU  you  can-  thro'  the  Sights  fee 
the  Corner  A,  and  fixing  the  Inftrument  there, 
turn. the  Index  about,  till  you  fee  thro'  the  Sights 
the  Corner  E,  and  mark  the  Degrees  cut  by  the 
Index  in  your  Field-Book,  which  will  be.  the  Angle 
AFE,  then  meafure  FE  in  Chains  and  Lmks, 
which  alfo  mark  down  in  your  Field  Book :  the 
•'  •-' '  ^  fame 
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feme  tfay  {wocee^iijg  yfkh  the  reft  of  fte  Angle* 
Inaf  k  doWAi  th6  quantity  of  eeth^  together  with  the 
Diftance  from  the  preceeding^  in  your  Field-Book ; 
and.  th^nee  you  may  projeft  it  kt  leifurd  ilpon 
Paper.    .        .  .        .  ,  ' 

This  Method  of  plotting  a  Field  by  going 
found  it^  is  much  lefs  liable  to  Error  ths^n  aixy  6f 
the  two  former  y  and  i$  tnore  efpecially  ufeful  itl 
|tida£uring.large  Fifelds,  or  Fields  \iptfn  Whieh  are 
Woods  or  other  thingi  to  obftru<^  the  Sight,  in  . 
Which  Cafe  the  other  Methods  are  i&ipradtcable. 
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I.  ^Xr^  ^^^  fliewn  id  Seftioft  f6  how  to  find 
VV  tht  Solidity  df  feveral  ftrfts  of  Bodies, 
in  Inches  o<-  Feet,  Gfr.  which  Solidity  (if  takert  in 
Inchfes)  divided  by  the  Ihchts  tontiarin'd  ih  a  Gal- 
lon, Bufliei,  ,(^c.  will  Ihew  the  Notttbef  of  Gal- 
lons, Bulhels,  &f^.  contain*d  Irt  the  Vfefftl. 

The  Number  of  folrd  Iriche^  tbttarnM  iii  a  Gal- 
Ion,  Bulhel,  fcfr.  as  determined  by  Aft  of  Parlia* 
ment,  are  as  follows^ 

A  Oalbn  of  Ah  of  Beer 
of  Wine 

A  Bufcel  of  S.It  >  ->^^^  <  -•°- "   .>  Solid  lachef 

of  Coals 
A  Scots  Pint 

Y  y  2.  In 
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2.  In  Gauging,  the  Veflels  that  are  not-  crylin- 
dncal  are  commonly  reduc'd  to  Cylinders,  and 
their  Solidicys  found  ^s  fuch  ; 

A  Cask  having  diiFerent  Diameters  at  the  Head 
and  Bung^  is  reduc'd  to  a  Cylinder,  by  leaking  the 
mean  or  equated  Diameter  between  the  two  for 
the  Diameter  of  the  Cylinder  equal  in  Lei^th  and 
Solidity  to  the  proposed  Cask ;  the  common  Me« 
thod  for  finding  the  equated  Diameter,  and  which 
ferves  pretty  juftly  in  moft  Casks,  is  this,  viz. 
Multiply  the.  Difference  between  the  Head  and 
Bung  Diameters  by  .6^^  and  adding  the  Produdi: 
to  the  Head  Diameter,  the  Sum  will  be  the  Dia- 
meter of  a  Cylinder  of  equal  Length  and  Solidity 
with  the  Cask*  ' 

Hence  we  have  the  following  Rule  for  find- 
ing the  Content  of  any  Cask  in  IVine,  Beer^ 
&c.  The  He^d  and  Bung  Diameter,  and  Length 
of  the  Cask  being  given  in  Inches,  viz.  Find 
the.  Equated  Diameter  between  the  Head,  and 
Bang  Diameters  of  the  Cask,  and  thence  find  the 
Area  of  the  Circle  belonging  to  that  Diameter ; 
then  multiply  this  Area  by  the  Length  of  the  Cask, 
and  the  Produd  will  be  the  Solidity  of  the  Cask 
in  Inches,  which  divided  by  the  folid  Inches 
contained  in  a  Gallon  of  Wine,  Beer,  iSc.  will 
give  the  Content  of  the  Cask  in  Wine,  Beer,  6fr. 

Example^ 

Let  it  be  requirM  to  find  the  Content  of  the 
Cask    A  E  D  B  in    Wine  Gallons,    whofe    Head 
Diameter  A  £  or  B  D,   is  26  Inches,   the  Buns 
Diameter  F  C  34  Inches,   and  the  Length  GH. 
c^^  Inches. 

The  Difference  between  the  Head  and  Bung 
Diameters  is  8  which  multiply*d  by  .(>i^  gives  5.2 
and  this  added  to  26  the  Head  Diameter  msJces  31.2 

for 
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for  tHe  equated  Diameter,  or  Diameter  of  the  Cy- 
linder equal  in  Length  and  Solidity  widi  the  pro- 
pos'd    Cask,    the  j- 

ArcaofwhofeBafe 
is  764-539776. 
which  multiply'd 
int055thcLength, 
gives42049.68768 
for  the  Solidity  in 
Inches  ;  and  this 
divided  by  23 1  the 
folid  Inches  con- 
tjiin'd  in  a  Gallon 

of  Wine,  gives  182,03328  for  the  Content  of  the 
propos'd  Caflt  in  Wine  Gallons. 

.3.  If  the  propos'd  Cask,  be  ftanding  with  its 
Axis  perpendicular  i»  the  Horizon,  and  is  not  quite 
full  of  Liquor ;  then  in  order  to  find  the  Contents 
of  the  comain'd  Liquor,  youmuft  find  the  equated 
Diameter,  as  above,  andthence  the  Area  of  the 
Bafe  of  the  Cylinder,  the  Cask  is  reduced  to } 
which  mulci[^y*d  into  the  Depth  of  the  Liquor, 
will  give  the  folid  Content  of  the  contain'd  Liquor 
in  Inches,  and  this  divided  by  the  Inches  in  a  Gal- 
lon of  Wine,  Beer,  &?f.  according  to  the  Liquor 
contajn'dv  will  give  the  Contents  of  the  Liquor  ii) 
the  Cask. 

This  Rule  more  efpecially  ferves  when  the  Cask 
is  more  than  half  full  of  Liquor  j  but  when  it  is 
lefs  dian  half  full  1  then  the  Content  of  the  con- 
tain'd Liquor  is  better  found  by  fubtrafting  the- 
Content  of  the  empty  part  of  the  Cask  Cfound  as 
above)  from  the  Content  of  the  whole,  and  the  re- 
mainder will  be  the  Content  of  the  eontain'd|Liquor. 
4.  In  Gauging,  by  the  Area  of  any  Surface  in 
Wine  iSc.  Gallons,  is  meant  the  Content  of  it  at 
one.  Inch  Depdi.  ,  Confequently  the  Area  of  a  Cir- 
cle I  Inch-  Diameter  being  .7854  this  divided  by 
y  y  2  .  28J 

\  • 


2^82  will  g}vc  ,002785  for  the  Cbtntent  of  that 
(Circle  .  I  Inch  E)epth  in  Ale  or  Beer  Galloms^ 
and  the  fame  divided  by  231  will  give.  .0034  fof 
its  Content  in  Wine  Gallons ;  and  fince  Circles  are 
to  one  another  as  the  Squares  of  their  Diameters  9 
therefore,  as  i  the  Square  of  i  I^iameter,  is  to 
.0034  or  .002785  the  Area  of  that  Circle  in  Wine 
or  Ale  Gallons,  fo  is  the  fquare  of  the  Diameter  of 
any  other  Circle,  to  the  Area  of  that  CiFcle  in  Wine 
or  Ale  Gallons  •,  hence  fince  the  .firft  Terra  of  the 
Proportion  is  Unity,  it  follows  that  the  Area  of 
any  Circle  in  Wine  or  Ale  Gallons  is  found  by 
multiplying  the  Square  of  the  Diameter  hy  •0034 
for  ^ine  Gallons,  and  by  ;qo2765  for  Ale  Gal-» 
Ions,  and  this  Are^  muUiply'd  into  the  Length  of 
;l^e  ^^s^k  tQ  vhjch  the  Circle  belongs,  will  give  the 
Content  of  th^  C^^Jc  in  Wine  or  Ale  Gallons ;  and 
Jience  ;lvs . jspo  NpnaWa  .©D.34  .and  ^0027 8 5  are  cal- 
\^d  Fi^t  Multipliers.         .    .^ 

Ag?i%  V  i  be  divided  by  the  former  Numbers 
.Q034  ^pd  .90*785,  thwe  ,vill  be  product  their 
Iigciprqca]f  294.12  a^d  359^  with  the  firft  of  which, 
dividing;  thf  Sqi)arp  •  of.  the  JDiameter  of  any  Cir^ 
elf ,  th^4^u9jiieiit  will  be  the  Area  of  that  Git-cle  ia 
Wine/i?^ll9Q8  }  and  if  the  fatne  be  divided  by  the 
h%  the  Quptient  wiJl  be,  the  Arc?  .of  that  Circle 
in  Ale  Gallons  ;  hence  thefe  two  Numbers  294.12 
¥^d  359  ^rc  ^^\\t^  Fti^l  IHvifors^  and  In  Praiftice 
^re  con^monly  n\ade  ufe  of  by  the  Qaugcrs.  . 

fi.  W^ien  a  Cask  i§  lying  upon  its  Side,  with  the 
Axis  p^rj^lifl  JO  the  Iknv^ny  and  is  not  full?  bur 
the  Surface  pf  the  gdmainM  Liquor  cuts  the  Heads 
of  the  Ca^k  ;  then  to  fod  the  Contents  of  die  Li-. 
q^Qr  contained  in  fhe:  Cask,,  we  muft  firft  know 
how  to  fi^djhe  Ar^a.  of  any  Segment  of  a  given 
Circle.     \x\  order  to  which 

Let  AEBH  r?prefem a, Circle,  whofe  Dianietcr 
AB  i5  »  i  thpii  {bj  Ccr.,i.  Art.  2.  SieS;  15.;: the 

Circum- 
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^<?qmf(|rcncq  ^f  that  Circle  wjjl  be  6*.i?S«,  and. 
the  AVG^  3-U16  (by  -Pr(>^.  6.  5^i57.  15.;  Hence  'tis 
.4Vi4eftt  th^t  if  thq  Diameter  of  ^  Circle  be  two  Inches 
i^P  Feet,  £s?^.  tjif  Circumference  of  ttiat  Cirqle  will 
.^{^f ai^.  twice  as  mapy  Inches 
'^qt  F^et,  fc?^.  in  Lcfigthi  a& 
(hq  Are}  o/if  contains  fqMare 

ilfiobl^  Q^'  fc^C)  ^^-  i'  ^  the    By 
jtep^thofyieCircu(n|fre<ic^ 

is  dcwWe  the  Arcj^  ^  ^d  fwcc  ^^ 
t^Q  Ares^  of  tlj^yholpCirclei 
is  to  the  Area  of  any  Seftor 

Qf  it,  as  the  l40gth  q(tM  ^"^ 

vih©ie  Circ^Ipfereqce^  (jq  the 
%.e<igth  of  the  A^^chpf  that  S^dor ;  it  follows,  tb^t 
the  Length  qf  half  t^e  i^r^h  of  any  Seftor  of  a  Circle 
Mf^ofe  Di^n\$ter  is  2,  is  eqq^l  to  the  Area  of  that 
Sfi^or.  $0  in  th^  annexed  Scheoie  the  Lepgth  of 
t>  E,  h^if  the  Arch  of  th^  SedVor  D  C  F  5  wiU  be 
the  Aieft  of  th^  S;s<3;qr., 

.  la  the  annQi6*d  Sph^pie,  fuppofe  G  E  (the  vcr- 
fed  Sine  of  half,  the  Arch  of  the  Seftor  DCFE^ 
t0  b9-^U^l  tQ  ,4 1  then  fince  the  Radius  C  £  is  i^ 
?^s- evident  CQ  (the  R.^ht  l^ine  of  D  A,  the 
Camplinwtf  of  P  E  h^alf  the  Arch  of  thc^  Sedac^ 
will  bQ^qualto  .6^  fo  making  itas  i,  is  tp  .6  or 
(to   avoid  Fradions^  as  100^  k  to  ^o,  |b  is  the 

H[adlw  of^tb^T^bleSv^<^^  fi^J"^!?  Numbeir  i  this 
Will  be  the  Sine  of  AD,  and  looking  ip  the 
Table  we  fhall  find  it  anfwer  to  36.87  Degrees  ; 
the  compliment  of  which,  viz.  53.13  Deg.  is  the 
Arch  D  E ;  which  multiply'd  by  .017453  the  jio 
of  6.2832,  gives  .92727789  for  the  Length  of 
the  Arch  D  E,  which  is  eqyial  to  the  Area  of 
the  Seftor  D  E  F  C. 

Ajgain,  la  the  Right  Angled  Triangle  CG  D, 

'tis  evident  (by  Cor.  i.  Art.  70.  Se£i.  i.)   if  from 

I  the  Square  of  C  D  we  take  .36  the  fquare  of  C 

•  G 
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G,  thcrewill remain. 64 thefquare of  DG,  thefquare 
Root  of  which,  viz.  .8  is  equal  to  D  G,  and 
this  doubled  gives  1.6  equal  to  D  F,  which  mul- 
tipIyM  into  .3  the  half  of  C  G  produces  .48  for 
the  Area  of  the  Triangle  D  C  F.  Then  from 
.92727789  for  the  Area  of  the  St&or  DCFE 
taking  .48  the  Area  of  the  Triangle  D  C  F,  there 
will  remain  .44727789  for  the  Area  of  the  Segment 
PEF  D,  and  this  taken  from  3. 141 6,  the  Area  of* 
the  whole  Circle  there  will  remain  2.6943  22 11  for 
the  Area  of  the  other  Segment  DHFD  whofe 
verfed  Sine  is  i  .6. 

After  the  fame  manner,  by  dividing  the  Diame- 
ter of  the  Circle,  viz^  2,  into  100,  or  any  other 
Number  of  equal  Parts,  we  may  find  the  Area  <rf* 
the  Segment  anfwering  to  each  verfed  Sine. 

Having  by  the  foregoing  Method,  found  the 
Area  of  a  Segment  belonging  to  any  verfed  Sine 
ill  that  Circle  whofe  Diameter  is  2,  Vnd  Area 
3.1416  ;  we  may  find  the  Area  of  the  fimilar  Scg- 
ineht  in  any  other  Circle  by  the  following  •  Ana- 
logy, viz. 

As  the  Area  of  that  Circle  whofe  Diameter  i$ 
2,  viz.  3.1416,  is  to  the  Segment  belonging  to 
any  part  of  its  Diameter,  fo  is  the  Area  of  any 
other  Circle,  to  the  Segment  belonging  to  the  like 
part  of  its  Diameten 

And  hence  arifcs  the  Conftruftion  of  the  foHowr 
ing  Table, 


A   Tabi^^ 
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A  T  A  B  L  E  of  the  Segmencs  of  a  Circle,  whofe 
Area  is  i  ihe  Diameter,  (viz.  1. 128378)  be- 
ing divided  into  100  equal  Parts. 


V|%K. 


2  .0048 

3  .0087 

4  .0.34 


Segm. 

.1631 

.<73S 
.[845 

.Z066 


.3141 

(3364 
.3486 
.3611 
.     -3735' 


Segm. 


.4238 
.4365 
■440 1 
.^618 
■■V74? 
■4873 

.77^ 

■5382 
.5509 

■ih} 

.5761 
.5888 
6014 
-614 
.626; 


Sfgm. 


■5 '49 
.9236 
.9320 
9402 

■q4So 

■95  S4 
.9615 
.9692 
975; 

.9«66 
■99' i 
.9952 


In  this  Table  you  may  obferve.that.  the  Co- 
lumns mark'd  at  the  Top  with  V,  contain  th? 
vcrfed  Sines,  proceeding  from  i  to  100,  and  the 
adjacent  Columns  contain  the  Areas  of  the  Seg- 
ments belonging  to  thefe  vcrfed  Sines. 

By  this  Tabic  the  Content  of  the  Liquor  con- 
tain'd  in  a  Cask  not  full,  lying  with  ics  Axis  pa- 
rallel to  the  Horizon  and  the  contain'd  Liquor 
cutting  the  Heads  of  the  Cask ;  may  be  found 
after  the  following  manner,  viz. 

To  the  wet  Inches  of  the  Bung  Diameter,  add 
a  competent  Number  of  Cyphers,  and  divide  this 
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by  the  whole  Diameter,  then  feek  for  the  Qua- 
tient  in  the  Columns  marked  V  at  the  Top  ia 
the  preceeding  Table,  and  oppofite  to  this  in  thd 
idjaceht  Column  you'll  fihd  the  Area  of  a  Seg- 
ment, which  multiply  irltb  the  whol6  Cohtenl 
of  the  Cask,  and  the  Produft  is  flife  Content  of 
the  Liquor  in  the  Cask.  If  inftead  of  the  V^et 
Inches  We  had  ui'd  the  dry,  .  then  thfc  laft  Pro* 
dud  would  have  been  the  Content  of  the  empty 
part  of  the  Cask,  which  is  call'd  the  ifllage. 

Exampk. 

Suppofe  a  Cask  lying  with  its  Axis  pai^allej  td 
the  Horizon,  has  a  certain  Quantity  df  Wine  irt 
it,  the  Bung  Diameter  is  32  Inches,  the  HeisLcl 
Diameter  28,  the  Length  48  and  the .  wet  Inchel 
io.  Required  the  Content  of  the  Liquor. 
J  To  the  wet  Inches  20  I  add  a  number  of  Cy-i 
J)hers,  and  dividing  it  by  32  I  find  the  Quotient* 
j66y  which  I  look  for  in  the  Table  and  find  it  an-^ 
fwer  to  the  Segment  .7002,  which  maltiply*d  by 
152.8  the  whole  Content  of  the  Cask  in  Wine  Gkl* 
jons  (found  by  Art.  2.  of  this  Se£i.)  gives  107  for 
the  Content  <jf  the  Liquor  in  the  Cask,  in  Wine 
Gallons. 

6.' Malt  when  lying  on  a  FJodr  is  gauged  by 
taking  the  Depth  of  it  in  Inches,  in  feveral  Places, 
and  dividing  the  Sam  of  thefe  Depths  by  thi 
Number  of  them,  the  Qaotient  Will  be  the  mean 
Depth ;  which  multiplyM  ihtb  the  Ar^a  of  tha 
Surface  gives  the  Solidity  In  Inches  -,  artd  this  di- 
vided by  2150.4  gives  the  Content  in  Bufliels. 
J  7.  Solid  Timberis  meafur'd  by  the  folid  Foot< 
each  containing  1728  folid  Inches  •,  the  common 
way  is  this,  viz.  Girth  the  Tree  in  feveral  Places 
and  take  \  of  the  mean  Gitth  in  Inches,  for  the 
Side  of  a  Square ;  which  Square  mvJtiply  into  thd 

Length 
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Length  of  the  Tree,  and  the  Produd:  will  be  the 
Solidity  in  Inches,  and  this  divided  by  1728^  will 
give  the  Solidity  of  the  Tree  in  Feet. 

8.  The  Solidity  of  irregular  Bodies  may  be 
found  exaftly,  after  the  following  Method,  viz. 
Let  the  Body,  be  immers*d  in  Water  in  a  Paralle* 
lipiped,  whofc  Sides  are  exaftly  divided  into  In- 
ches and  the  Solidity  of  the  Water  raised,  will  be 
cgual  to  the  Solidity  of  the  immersM  Body. 

9.  The  common  Rule  for  finding  the  Tun- 
nage  of  a  Ship  is  as  follows. 

Multiply  the  Length  of  the  Keel  by  the  Breadth, 
and  the  Produft  by  half  the  Breadth  ;  then  divide 
this  laft  Produft  by  95,  and  the  Quotient  will  give 
the  Tunnage. 

Example. 

Suppofe  a  Ship's  Keel  is  135  Feet,  and  her 
Breadth  from  out  to  out,  48  Feet.  .  kequir'd  the 
Tunnage  of  that  Ship. 

The  Length  of  the  Keel,  viz.  135  multiply*d 
into  the  Breadth  48,  produces  6480,  and  this  mul- 
tiply'd  into  24;  half  the  Breadth,  gives  155520, 
which  laft  divided  by  ^5^  tlie  Quotient  is  1637 
the  Tunnage  of  the  proposed  Ship. 
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A  T A  BLt  of  the  Latitudes  and  Longitudes  of  fonte  6f 
the  moSt  principal  Harbours^  Headlands^  and  I/lands, 
in  the  moft  frequented  Parts  of  the  World  \  the  Longi- 
tude being  counted  fr of n  the  Meridian  o/London. 


Places  Names 


The  Coaft  of  England 


BERWICK 
Newcajlk     - 
Scarborough 
Stockton     .     •     - 
Flamborougb^Head 
Yarmouth 
Ipfivich     -      -    - 
Qolcbefler    .     -     . 
LONDON    . 
The  Downs    -    - 
Dover     -     -      - 


Beacby     -     - 
Portftnoutb 
Dartmouth 
Plymouth 
Lizard     - 
Briftol     ^  '  . 
Liverpool 
Whit  e- Haven 


The  Coaft  of  Scotland 


Glajgow     -  - 

Aberdeen    -  - 

Leith     -     -  - 

St.  laida    .  - 

Cat'Nefs     -  - 

Buchan-Nefs  - 
prkney  Ifle{ 


Lat. 


D.  M, 


fi  - 


ss 

50 

54 

58 

54 

20 

54 

33 

54 

08 

52 

45 

52 

14 

52 

04 

51 

32 

51 

25 

51 

15 

50 

48 

50 

48 

50 

27 

50 

36 

50 

00 

51 

32 

53 

20 

54 

1 

lO- 

55 

53 

57 

24 

56 

00 

58 

02 

58. 

47 

57 

SS 

r 


•1 


D.  M. 


01 
01 
01 
01 
00 
01 
01 
00 

GO 
01 
01 
00 
01 

04 

05 
02 

03 
03 


S9     13 1 


02 
01 

03 


39 

30 
20 

25 
II 

40 

00 

00 
21 

18 

^5 
00 

36 
13 

35 
10 

50 


1^ 

§ 

3 


W 

w 
w 

E 
E 
E 
E 


E 

E 
E 

"W 
W 
W 
W 
W 
W 


04  05 

01  37 

02  55 
10  05 


06 
20 
32 


W 

w 


Places  Names 


Coaft  of  Ireland 


London-Derr'j     -  - 

Belfaji      .      -     .  . 

Cork     -    -    -    -  - 

Cape-^Clear     -     -  - 

Lambay     -     -     -  • 

Dublin      -     -     -  - 


Coaft  of  Holland  and  Flanders 

Hamborousb     -.    «    .    - 
Bremen    I     ...    - 

The  TCexel     -      -     -    - 

Amfterdam     ^     ... 

Roterdam 

Dunkirk 

Calais    * . 


•    «    ik 


On  the  Coaft  of  France  and 
Portugal 


Guernfrj     - 

BouHeaux 
Bilboa 
Porta  Port 
Cadiz    - 


CoafLon  the  main  Continent 
within  the  Straits^  and  on 
the  Co^&  of  Spain  J  &c. 


Lat. 


55 
54 
51 
51 
53 
53 


53 
53 
53 
5^ 
51 
51 
50 


Gibraltar    - 
Malaga 
Barcelona 
Marfeilles 
fouhtf     1- 


49 

49 
46 

44 
43 
41 
36 


3^ 
36 
41 
43 
^    J43 


05 
36 

49 
.10 

24 

12 


4» 

50 
la 

21 

55 
14 
57 


36 

20 
10 

50 
30 

20 


II 

50 
26 

20 
06 


Long. 


08 
06 
09 
10 
07 
06 


c. 
2 

n 

o 
1 


10 

08 
04 
1.04 
04 
02 
01 


02 

D2 

01 
00 

03 
09 

06 


05 

03 
02 

05 


S 
o 

3 


■<53W 
50  w 
30W 

30  w 

30W 


55 


w 


25 

00 


E 
E 


21E 
20  E 

55IE 


40 
»9 


W 
W 


14W 


24 


W 


ooW 


20 
28 


W 

w 


20  W 


I? 
26 


W 

E 

E 


27 
4p|E 


?  7  9 


mmmt 


Long. 


Places  Names 


ti^ttmm 


•mm^mmi^mM 


Genoa 

Legborne 

Rome^ 

Naples 

Gallipdi    '  •    - 

Venice.  ^      •- 

Canjiantimpk 

Smyrna 

Scanderoon 

'Tripoli 

Alexandria. 

Algier 


Lat. 


44 

43 

41 

41- 
40- 

145 

4£ 

38 
36 
34 
31' 
3^ 


Coaft  of  Barbarj  and  Guinea^ 

&c. 

River  Gambia   ^    - 
Monferado  1- 

C^fzp^  Formofa 

River  Co%^ 

Angela 

C.  St.  Thames   -    -    /  - 

(j  ^/v  ofgoo:d  Hope  ' 


33 

13 

04 
04 


■■^ 


Weftern  Iflands 

Fycd  -  .       ;-    ^ 

Fico         r 
Gratis/a    .     -    '     - 
jr.  Michael 

St.Marii^-         -       :*-, 
Porto  Sancfd 
Madera TVeJt  End'. 


05 
eg 

23 

34 


i*«ai 


;4« 

39 
37 
37 
32- 
32 


27 
iS 

05 
08 

>8 
07 
28 
00 
40 
07 
40 


D.  M. 


2: 

rr- 


c 
a. 


[10 
13 

18 

(2 

31 

27 

35 
35 
33 
03 


43 
30 

16 

05 

40 

40 


.45 

51 
10 

15 


05 

32 

45 

30 

50 
00 

45 
20 


Vi 

r 


06 
15 

ro3 
08 

15 

15 
14 

17 


o 


[31 

23 

24 

2Z 
16 

17 


06E 

44  E 
05  E 
4a  E 
42  E 

40  E 
45Ef 

2qPE 

58 
48 

00  E 
05  E 


E 
E 


3^*0  W 

26W! 

20  W 

aoW 

loE 

00  E 
27E 

56E 
23«E 
ooE 


55  W 


52 


W 


34|W1 

15 


52 
17 
05 
30 


W 

w 
w 
w 
w 


tmeriff 
Canary 
St.  Antonio 

yago         ". 
Si.  Lucia 
Si.  Nicholas 
St.  Vincent 
Antegaa 
Barhadoes 
Berhuda 
S'f.  Cruz 


Coaft  of  Carolina^  Virginia^ 
Maryland,  &c. 


immm^ii^m^.^mA^ 


BMM 


Places  Names 


Lac. 

dTnI. 


I  r', 


27 
27 

17 

15 

^5 

17 

17 

17 

17 

13 

17 
18 


■*-^ 


Charles  T^wn  on  -4^/y  River 

Cap^  Henry 

Rebeck 

Ivew  Tork      •       . 

Bajlon       -         -         - 

trinity  Bay        -         - 

Ctf/?^  St.  Mary 

Placentia         -        -       - 

(i^/^  Charlei" 

St.  John's  Harlour     *     • 


32 

37 

147. 


f42 
48 

47 
47 
?7 
+7 


(poaft  of  Hudfin^s  Bay^  and 
the  S'traits. 

c^p€  7^^^-^  •   •    •  •  55 

Albany  River     ....      51 

5^tfr^  P^/«/        •     -    .  64 

Button's  IJle        •         .  60 

C^/^  Charles     -    -    -  -   -  62 

Port  Nelfon          .         .  [57 


$0 
40 

^o 
00 
10 

20 
12 
10 

30 

5^ 
00 


40 
00 

15 


41.  od 


35 
27 

10 

57 

^4 
28 


03 
16 

27 

05 

3.5 
10 


■ong. 
D.  mJ 


»7 
16 

24 

24 

23 

24 

24 
60 

60 
63 


2 

o 

rt 

B 


7« 

74 
68 

72 

68 

52 
53 
53 
74 
51 


78 

79 

83 
66 

74 


rt 

3 


05 
10 

50 

05 

30 
oo 

30 
20 

40 

10 

40 

25 


o 


s 


50 

25 
10 

*"&= 

50  a 

15 
20 

00 

23 


rt 


56 

44 
16 

50 


36, 
50 


I 


C.  St.SebaJlian     -     -    - 
Panama        - 
Jiquatuko     »     -      - 
Cape  Si.  Luca      -     • 
Cape  del  Ajugo      -     -     - 

Maldivia        .      '  - 
C^/^^  ViEiory 
Cape  Horn 

Coaft  of  Brazil  in  S.  America 


Places  Names 


I   Lat. 

D.  m: 


Coall  of  America  in  the 
Souih-'Sea 


River  7«^^^» 

S/»  Katberine's  IJle 
Cape  Frio    - 


Coaft  on  the  main  Continent) ' 
in  the  Weft-InSes 


North  Cape    , 
Surnam    .    . 

Cartbagena    . 
Campeche .     . 
Portobello 
La  vera  Cruz 
Cape  Floridoi 


Southern  Iflands 


jifcenfion 
St.  'HektK^     . 
St.  Matthex^s 
Princeps 
St.  Thomas 
Annabona    . 


42. 
08 

23 


16 
18 

39 
52 
57 

48. 
46 
28 

23 
Q5 


02 
06 
10 

19 
09 

19 

24 


16 


40 

56 

27 

25 


38 

12 

35 
15 
58 


40 

50 
00 

10 

00 


o 
e 


H 


c 


05 
00 

50 
20 

55 
15 
48 


40 
06 


01  40 

oi~35 

00  00 

01  05 


o 


n 


c 


s 
s 

s_ 

N 


Long. 


D.  M. 


129 
82 

lOJ 

III 
88 

74 
81 

82 
79 


74 
72 
47 
42 
35 


56 

80 

100 

81 


14 
06 

07 


09 

08 

97 


4q 
18 

03 

5^1 

50 
07 

18 

5^ 
44 


32 
05 

56 

52 


55 

44 

50 

05 

15 
22 

55 


50 
30 
50 


S 

* 


OQ 


ti  iwiimi 


03  IE 
00  E 

3q'E 


Places  Names 
Coaft  of  the  Eaft-Indies 


Mofambique 
River  de  Fugos 

Cape  de  BaJJus 

Surrat 

Siam  Entrance 

Goa 

Fort  St.  George 

Dew  Point    - 

Bengal 

Malacca     . 

Cambodia    • 

Nanquim 


Iflands  in  th6  Eajl-Indies , 


} 


Abdeleur 
Almircant  IJles,  the  Eajtermoji 
Bantam  in  Javes    .     . 
Batavia        . 
Bahelmandel^    in  the 

MQ}xi\i  oi i\it  Red  Sea 
Borneo        .        .         . 

Good  Fortune 
Jania^  Eaft'End    ,     . 
Japan^  S.  Eaft  Point 
— —  S.  Weft  Point 
Joanna  . 

Primes  IJle    .    . 
Zocatra    . 

Madagafcar^  South  End 
of  5/.  Sehajlian 

Coaft  of  the  Sound  and  BaU 
tick  Sea 

Gottenberg    ,    . 
Chrijliana     •     - 


} 


Lat, 

*"^ 

D. 

M. 

15 

05 

S 

00 

00 

04 

00 

21 

08 

13 

10 

15 
13 

30 
08 

r 

»5 

50 

? 

22 

27 

0 

23 

32 

cr 

10 

30 

32 

55 

. 

12 

03 
05 

05 


04 
01 
06 

34 

35 
12 

05 
12 


57 
59 


27 
42 

37 
47 


N 

S 

S 

s 


12-  25  ;N  45  45 


20  S 


28 
20 

30 
20 
10 

47 
28 


25  32 


S 

S 

N 

N 

S 

S 

N 


33  ;N 

lolN 


74  ,15 


Places  Names 


Elftnore 
Copbenbagen 
Stockholm  . 
Vyburgb    . 
Peterfiurgb 

Ttiga    .    « 

Coningsberg 

Danizick 
Seaw    •     • 


•     • 


Coaft  from  the  Naze  of  Nor- 
way to  Archangel 


Naze  of  Norway 
Dronton 
North  Cape 
Standland    .    • 
IGldtiyn 
Archangel-Bar 

Crofs  Ifland     . 


u 

It.  • 

D. 

25 

56 

CO 

• 

55 

40 

59 
60  • 

20 
20 

56 

24 
50 

57 

64 

71 
62 

64 

66 


Coaft  of  the  Northern  iyZi»iJ, 
Nova  Zemhla^  Iceland^ 
and  Xjreenland^ 

Bear  IJle        .        . 

Hope.IJle 

Catfnoje 

Foint  Lookout 

Horn  Sound       .     .     .    , 

Grims  IJlafid    .    ,    .      . 

Indies  Back       .         .    . 

Sound  Royal     •  .   .   . 


74 
76 

65 
76 

77 
66 

65 
66 


55  .00 
54  "22 
57'  ^6 


50 
00 

25 
10 

32 
30 

3* 


It* 

CL, 


35 

13 

44 
40 

30 

43 
27 

20 


Long. 
D.  M. 


f 


12 
12 

18 
29 
29 

24 
20 

10 


07 
10 
22 
04 

30. 
40 

36 


18 
21 

33 

13 

17 
10 

14 


32 

30 

25 
26 

50 
•50 

»3 
10 

14 


22 
40 

10 

38 

12 

30 
10 


12 
11 

25 
56 

45 

05 
12 


c 
a 
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O  F 


LOGARITHMS, 

F6r  Numbers  increaHng  ia  their  Natural 
Order  from  Unity  to  i  oooo. 


f 


A  Table  of  Logarithms. 


i  i-of:ar. 


ijo.ooooo 
2p.30io3 
30.47712 
4b.602o6 
510.69897 


60.77815 
70.84510 
8  0.90309 
9095424 
I  ol^.coooo 


II 

12 

15 


i.04139 
1.07918 
1.11394 
1.14613 
1.17609 


N'  \  Lo[rar. 


id  1.23045 
-i4jh. 25527 
191.27875 

2C  I.3OIO9 


21 


' 


221.34242 


i»izizz 


I.J6I7S 

1.38021 

1.39794 


n 

24 

26{i'.4i497i 

27 
28 

29 
3q 


1.43136. 
1 .447 1 6 
1.46240 
1. 477 » 2 


31 
32 

33 
34 
25 


36 
37 
38 
39 
4o| 


149136 
1.505 1 5 
1.51851 
1.53148 

1.54407 


1.55630 
(•56820 

1.57978 
1.59106 
1.60206 


4« 

42 

43 

44 
4V 


1.61278 
.1.62325 

1-63347 
1.64345 

''6532! 


46 

47 
48 
49 
50I 


5' 
52 

53 
541 
55 


56I 

57 
58 

59 
60 


61 

64 

h 

66! 
6p 

6^ 

7OI 


7^ 
72 

73 
74 
75 


76 

77 

78 

79 
8c 


81 
82 

83 

8s 


86 

^7 
88 

89 


.66276 
.67210 
•68124 
.69020 
.69897 


•70757 
.7 1 6co 

•72428 

.73239 

.74036 


.74819 

•75587 
•76343 
•77085 
.77815 


N. 


9^ 
92 

93 
94 
95 


.7853?! 
.79239 

•79934 
.8061$ 

.8 1 29 1' 


.81954 
.S»6o7 

.83885 
.84')  io 


.8$  1 26 

'8573«i 
.'86332 

.86923 

.87506 


.88081 
.88649 
•89209 
.89762 
.90309 


•90849 
•91381 
.91908 
•92428 
.92942 


.93450 
•93952 
.94448 

.94939 
•95424 


■»• 


062,02531' 
072,0293^ 
1082.03342 
092.03743 
10204139 


96 

97 
98 

99 
o 


Logar. 


1.95904 
1.96379 
1.96848 
1 .973 1 3 
•97772 


1.98227 
1.98677 
1*99123 
1.99564 
00000 


lOk^ 


Ql  2.00432 
02  2.00860 
032.01284 
042.01703 
052.02119 


II 


17 
1 

«9 


2.04532 

la|2iQ492lt 
132.05408^ 
142.05690 
152.0^071 


1612.06445 

a/>68iQ 

2.07188 

2-07555 
202.07918 


2.08279 
2.08636 
2.08991 
2.09342 
2.09691 


21 
22 

23 

24 

ii 
2612.10037 

272.10380 

282.10721 

292.11059 

302.11394 


31 
32 

33 
34 

21 


2.11727 
2.12057 
2.12385 
2.12710 

L12£22i 


N.  I  Logar. 


2.: 


372 

38 

39 
40 


41 
42 

43 
44 
45 


12.] 

2.1 

2« 

2« 


46 

48 

49 

50 


5» 
52 
53 
54 
55 


2.i 

2.1 
2. 


3354 
3672 

3988 

4301 
4613 


4922 
5229 

5534 
5836 

6137 


2. 
2.1 
2. 
2.1 

2< 


6435 
6732 

7026 

7319 
7609 


2.1 

2. 

2. 

2. 

2. 


'7808 

8ii4 
8ir69 

8752 
9033 


2. 


56 

572 

«82. 

59 

6o 


9312 

9590 
9S66 

2.201*40 

2.20412 


^2.206^) 
{^22.20952 
632.21219 
64,2.21484 
6^2.21 7  A^ 


66 

67 

68 
69 

70 


2.220II 
2.22272 
2.22531 
2.22789 
2.23045 


7« 

72 

73 


2.23300 

2-23553 
2.23805 


74  2.24055 

75  2.24304 

762.24551 

77  2.24797 

78  2.25042 
792.25285 

8012.25527 


181 


(If  ^igitnuio^ 


N:  fLdgSr... 


I-S  2  3*26007. 


i86J2«2695i 
i872«a7i94 
i882;274.>t6 
189^^2764^ 
.  190  :^27«7^ 


191  2*28103 
191  2«98^3P 

193  2#29$5]6 

I  i942r^8b 
19^2,2900^ 

196 

197 


2*292^ 

_2.»9447 
198  2.29667 

199 
2002*36103 


201 
202 
203 


20< 


2.30^:^0 

2.3o7'5p 


K 


asa6  2^3.541 1{ 
:^a7  2.3.5603; 

228  2*3.5793^ 

229  z.^s9H 
2^  2.^61  y  J 


Logar. 


2^31  2*3.6361 

2^  ^46549 

?33  2.^675^ 
234  i'^&l)Z2 

2552*37iot 


2362.37291 
2372^7475 

a382,376y8 
2392^37840 

[240 1.3:802  • 


204  2.30963 1 


>£)2^3I175 


206 
207 
208 
209 

210 


2.3^13^ 

2- 3  j^  5^97 
2.31806 

2.320(5 

2.32222 


2112.324^^ 
2i2e.32634 
2132.32838 
214  2.33041 


.2M 


2.33244 


216(2.33445 
2172.33646 

2182.33846 


219 

220 


2.34044 
2.34242 


221  2.34439 


222 

223 

224 
225 


2.34635 
2.34830 

2.35025 

2.aC2 


30 


241 2.38202 
242I2.38382 
24312.3856ft 
24^2.38739 

«4"5|2.389i7 


2462.39094 
2472.39270 
2482.39445 

249  2.39620 
25012  39794. 


251 
252 
253 

254 

■255 


2.39967 
2.40140 
2.403 1 2 
2.40483 
2.40654 


256|2«4o824 


^57 
258 
259 


261 

2^2 

263 
264 
265 


2.40993 
2»4Il62 

2.41330 


2602.41497 


2.41664 
2.41  S  30 
2.41996 
2.42160 
2.42325 


266I2.42488 
267  2w4i65 1 
2682.42813 
2692.42975 
1    2702.43136 


N,  {^A«^^. 


27 1 2.4^297 
072  a.43457' 
273s,43.6r6 
274  J.45775: 

JZg?:43,91^L 


z"^  2*4.409-i. 

277  2.44248 

278  2^^4404 

279  2.44566 
28c  2^4716 

281  2.4487 1- 
2822.45025 

28^  Ms  1 79 
284^.45332 
28^ft»45484 


286  2,45637 
2872.45788 
288  2.45939 
2892.46090 
290  2.46240 


291  2.46389 

2922.46538 
29  J  1.46687 
2942.46835 
2952.46982 


2962.47129 


297 
298 


2.47276 
247422 


299247567 
300I2.47712 


301 


247857 


302  248001 
3032.48144 
3042.48287 

_30q2./8430 


3062.4^572 


307 

,308 

30^ 


2.48714 
248855 
2.48996 


3T0I2.49I36 


311 

312 

313 

3H 


2.49276 
2.49415 
2.49554 
2.49693 


m: 


Lo^. 


3i6z.4a^?6^ 

317  2.50UX 

3 18  e.  50243 

3192.50379 

3Zi;2^5i565i 
3^28^^50786 
323  2^0920 
3242.51055 
3252.5118S 


326M>3«2 

327MH55 

328^*587 
329  2i5 1720 
3302.51851 

33'  2i5i9b3 

332Z52114 

3332.52244 

3342.52375 
J35  2.52504 


mm  .' 


3362.52634 
3372.5^763 
3382.52892 
3392.63020 
j3442.53.i48 

34IJ2.53275 
3422.53403 


343 

344 
345 


346 

347 
348 

349 

350 


^53529 
2.53656 

2.53782 

2.53908 

2*54033 
2.54158 

2.54283 

2.54407 


( 


I 


35» 
352 

353 
354 

355 


2.54531 
2.54654 

2.54777 
2.54900 

2.'^5023 


a  2 


356 

357 
358 
359 


2.55H5 

2.55267 

2,5538s 
^.55509 
.2^556j( 
36i 


4  'A  TMt  ^  L^drilbms. . 


n^ 


41 2.73320 
4s  1.73400 
43  2.73480 
442.73560 
45  2.73640 


46 

47 
48 

49 

so 


SI 

S2 

S3 


5<S 

S7 
58 

602 


61 

62 

64 
65 


66 

67 
68 

69 


702 


71 

73 
74 
75 


76 

71 
78 
73 


802 


81 
82 

83 
84 
85 


T^i 


A  TMi  of  Ltgdfithn^. 


ar. 


a«737»9 
2.73799 

2.73878 

^•7395  7 

2.74036 


2.741 1 5 
2.74194 
2.74273 

2*743  5 » 
2*74.429 


2.74507 
2.74586 
2.74W3 
2.74741 
.74819 


2.74896 
2.74974 
2.75051 
2.75128 

2.75205 


2.75282 
^•75358 

2.75435 
2.755  n 

75587 


2,75664 
2.75740 

2.75815 
2.75891 

2.75967 


2.76042 
2.76118 
2.76193 
2.76268 

76343 


iW**^l» 


2.7641b 
2.76492 
2.7(^567 
2.7664 1 
2.76716 


M 


58612.76790 

587  2.76864 

588  2.76938 
5892.77012 
590  2.77085 


5912.77159 
5922.77232 

593  2.77305 

594  2.77379 

595  2-77452 


5962.77525 

597  ^•77S97 

598  2.77670 

599  2*77743 
6002.77815 


60112.77887 
6c2  2.77960 
6032.78032 
6042.78104 

6052.78176 


Lcgar. 


6062.78247 
6072.78319 

608  2.78390 

609  2.78462 
6102.78533 


Oil  2*78604 
612  2.78675 
"613  2.78746 
614  2.78817 
6152.78888 


6162.78958 
6172.79029 
61 8  2.79099 
6192.79169 
620  2.79239 


621  2.79309 

622  2.79379 

623  2.79449 
6242.79518 
6252.79588 


626  2.79657 
6272.79727 
628  2.79796 
,629  2.79865 
630  2.79934 


N. 


651  2.80003 

632  2.80072 

633  2.80140 

634  2.80209 
63  s  2.80277 


636  2.80346 
6372.80414 
638  2;8o482 
6392.80550 
9402.80618 


641  2.8o686 

642  2.80754 
64324808^1 

644  2;9o889 

645  2.80956 


Ltigar. 


6462.81023* 

6472.81090 

6482.81158 

6492.81224 

6502.81291 


6512.81358 
6522.81425 
6532.81491 
6542.81558 
655  2.81624 


6562.81690 
6572.81757 
6582.81823 
6592.81889 
6602.81954 


661  2.82020 

662  2.82086 
6632.82151 
6642.8221^ 
665  2.82282 


666  2.82347 


667 
668 
669 
67c 


2.82413 

2.82478 
2.82543 
2.82607 


671 

672 

673 
67^ 


?.82672 
2.82737 
2.82802 
2.82866 
2.82930 


N. 

676 
677 
678 
679 


Logar. 

2.82995 
2.8  30{ 
2.83 
2*83 


H9 
123I 

18^ 


6802.83251 

681  2.83315 
6822.8337J 


683 
684 
68s 


2.8344: 
2.83506 
2.8356<; 

2.8363: 
2.$369( 


6861 
687 

688J2.8i755 
089 12.8382^ 
690  2.S388( 


691 
692 
693 
694 

695 
696 
697 
698 
699 
700 

701 

702 
703 
704 
705 
jot 

707 

708 

709  2.85065 

710 


2.8394^ 

2.8401 1 
2.8407^ 

2.8413< 
2.8419^ 

2.84261 
2.84323 
2.8438c 
2.84448 
2.8451c 

2.84572 
2.84631 
2.8469^ 
2.84757 
2.84819 

2.84880 
2.8494? 
2.85003 


7" 
712 

7n 

7*4 

111 
716 

7»7 


2.85126 

2.8518 

2.8524 

2.85309 

2.85370 

2.8^431 


\ 


2.85491 

2.85552 

718J2.85612 

719 
72c 


2.85673 
2.8^75^ 


721 


j/ef^Me  ^tagmH&f^. 


"  1^579+ 

:  724  2^5974 

726 

F  £.86213 
7?9  2^6273 
^Kz.3633 


a.  8603  4 
.86094 


.  J I  1^6393 
73^1.86451 


7J4  !.»657o 
73.51^866*9 


73^ 

737  ^86747 

:S  2.S6806 

7}9  2.86864 

74c  Z.66923, 

1.86983; 

74a  1.8704^ 

2.87099 

7444.87157 

.^2.872 1 S 


747 
748 


1.37  374* 
!-873.3!( 
1.87390 
,  .,  ^87+4'^ 
7-yo[B875o6 

~  ^.875641 
Z.8762S1 


75' 
7SS 
7HZ' 


...  '87737 
7;^|'-»779'i 
2.87853 
,879.0 
,87967 
,88024 


7562. 


758 


76. 
76: 
763 
764 
76; 


;.  1^8138 
:.38i96 
1.8825Z 


i888.74 
77<l2.8893o 
2.^14986 
11.89042  ■ 
p,39o9S 
^1891 54' 
2.891x09. 


2.89376 
2.89432 


61 21.9063  4 

7  1.90687 

8  2.90741 

9  2.9079s 

2bp8l2, 


8ti  1.99902 
81  z  1.9^19^ 
813E..91009 
814  t-9lo6£ 
8151.91  »^6 


ait  1.91169 
817  E.91Z22 
ai8  i.9«i7; 
8(9E.9ii3j8 

8x0  £.91381 


*: 


8261.91698 


8341.92117 
_^i^92r69 
836  1.92221 


.92480 
■9z!3' 
.92583 
.92634 
.92686 


84'  ^■9*73  7 
847  1.92718 
84S  1.92840 

849  2.92891 

850  2.92942 


M 


856  1.931247 

857  f-93|2f  a 

858  2.95349 

859  ^-^JM 

860  2799450 


861  Z.93500 

862  £.^55, 

863  Z.93601 
8642.93651 

965  2.9J70B 


866  2^j75a 


867 


-9j8De 


869  2.95902  j 
87c  ^S952 
871 2.9,,  _ 
872  2.94052 
875  Z.94VOI 
874  2.941-51 
87;  2.94201 


879 


■942S': 
■9143«' 
■W349 
2-94399 
2.^^48 


!-9449B 
=■94547 

884  2V94645 
"''-  .94694 
2.94743 
2.9479: 
2.94841 
2.94890 
2-94939 


8.95036 
1.95085 
[,95134 

'■9?' 8a 
1.952^ 

=.95279 
!.9;j28 
8.95376 

901 


A  TuUe  ^f  L^tfithiris. 


N. 


Logaf. 


9012.95472 
9022.95521 
9032.95569 
9042.95617 
905  2.95665 

906^^773 
9072.95761 
2.95809 
2:95856 
2.95$04 


916 
91912 


1 


20 


921 
922 

923 
924 

925 


9262 


927 
928 
929 

930 


93  J 
932 

933 
934 
935. 

936 

937 
938 

939 
940I2 

941 
942(12 


943 
94^ 


2.95952 
2;95999 
2.96047 
2. 96095 
2^96142 


2.96190 
2.96237 
2^96284 
.96332 
2.96379 


2.96426 
2.96473 
2.96520 
2.96567 
2.96614 


.96661 
2.96708 
2.96755 
2.96806 
2.96848 

2.96895 
2.96942 
2.96988 
2.97035 
2.97081 


2.97128 
2.97174 
2.97220 
2.97267 

:273JJ 

2-97359 

97405 
2.CJ745I 

2.97497 


N. 


Logar, 

9461^589 
9472.97635 
9482.97681 

94#-977^7 

9jqa.9777^ 


951:2.97818 
953(a.97864 
P953  2,97909 

954  ^'97955 
jg^  $8.98000 


9562^98046 
95^(2.98091 
9582.98137 
9592.98182 
96c  2.98227 

961 2.98272 
9622198318 
963  2.98363 
•964  2.98408 
96^  2.98453 


966  2.98498 
9672:98543 
968  2.98588 
^92.98632 
97c  2.98677 

-••  *•<  immm 

971  2.98722 

972  2.98767 
9732.98811 

974  2.98856 
9752.98900 


976  2.98945 

977  2.9B989 

978  2.99034 

979  2.9907^ 
98c  2.99123 

981  2.99167 
9822^9214. 
9832.99255 
984  2.99300 
9852^99344 

98^^99388 
9872.99432 
988  2.99476 
9892.99520 


mmmt 


9922 

99j 

994 
995 


996 

997 
99^. 

999 

000 


ooi 

0O2 
003 
004 
005 


00 
007 
008 
009 

Of 


63 


.00260 
3.00303 
3.00346 

3.00389 


01 

OI7 

oiS 

019 

02c 

021 

022 
023 
024 
025 


026 
027 
02? 
02c 
03  c 


031 
032 
033 
034 


99607 
.99651 
.99695 

,  99739 

2^99782 


2. 


2.919S26 
2.99870 

2999"  3 

*99957 
3.00000 

3.00043 
3*00087 
3.0013d 
3.00173 
3.00217 


03.00432 

Oil  3.00475 
0123.00518 

0133.00561 

014  3.00604 
OK  5  3.00647 


63 


.00689 
3.00732 
3.00774 
3.00817 
3.00860 


.00903 
.00945 
.00988 
.01030 
•01072 

.01115 

.01157 
.qti99 
.01242 
.01284 


.01326 
.01368 
.01410 
.01452 
.01404. 


o 


Logar, 


363 
;o37  3 
0383 
[0393 
0403 


.01536 
.01578 
.01620 
.01662 

.01 7*3 


0413 


0423 
043 
044 
045 


01745 
0178; 

3.01 82{ 
3*Oi87< 
3^51912 


o 
0 

[O, 


463 


0195J 

0199. 

02031 

049J3 .02078 
0503.02119 


0473, 
4.83' 


051 

052 
053 
10543 

211 

0563 

057 

o 


3.02160 
3.6^202 

3.02243 

02284 
3  •023  2  5 

.0236^ 


583, 


3.02408 
02449 
05^ -02490 
0603.02531 


061 


3.02572 


.. 


0623.02613 
0633.02653 
0643.02694 
065  3 .0273  5 

0663.02776 
0673.02816 
10683.02857 
0693.02898 
0703.02938 

^3"^79 
0723.030191 

0733.03060 

0743.03100 

0753.03141 

076  3.03  I  81 

0773.03224 

0783.03262 

10793.0330^ 

o8q3.o^34t[ 
io8t 


A  Tabif  of  LogariihfM^ 


1081 3.03383 
108^3^3423 
10833.03463 
10843.03503 
10853.03^43 


10863.03583 
10873.03023 
10883.03663 
10893.03703 
10903.03743 


1091 3.03782 
10923.03822 
10933.03862 
10943.03902 
10953.03941 


1096  3.03981 
10973.04021 
10983.04060 

r099  3.04100 
1100J3.04139 


1 101  3.04179 

1 102  3.0421 8 

1 103  3.04258 
11043.04297 
1 105  3.04336 


11063.04376 
1 107  3.0441 5 
11083.04454 
11093.04493 
1 1103.04532 


111!  3.04571 

1 112  3.04610 

1 113  3.04650 

1 114  3.04689 

1 1 15  3.04727 


11163.04766 
II 17  3.04805 
11183.04844 
1 119  3.04883 
11203.04922 

1I2I  3.04961 
11223.04999 

M  23  3.05038 

11243.05077 
ii2t;|3.o<;u5 


172613.05154 
11273.05192 
11283.0^^^31 
11293.05269 
11303.05308 


11313,05346 
11323.05385 

"33305423' 
11343.05461 

"35I305500 


11363.05538 

11373-05576 
1 138  3.05614 
11393.05652 
11403,05690 


1141 
1142 
1143 
1144 
1145 


1147 
1 148 
1149 


3.05729 
3.05767 
3.05805 
3.05843 
3.05881 


11463.05918 


11503.06070 
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1152 
1153 


11543-06221 
11553.06258 


1161 

1 162 

1 163 
II 
1 1 65 


643 


663 


673 
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1168 

1169 

II 


3.05956 
3.05994 

3.06032 


3.06108 
3.06145 
3.06183 


11563.06296 
1 157  3.06333 
11583.06371 

1 1 59  3.06408 

1 160  3  06446 


3.06483 
3.06521 
3.06558 
.06595 
3.06633 
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.06670 
.06707 
3.06744 
3.06781 
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1 1 71  3.06856 

11 72  3.06893 
11733,06930 
11743.06967 
11753-07004 


11763.07041 
11773.07078 
11783,07115 
1 179  3.071 51 
11803.07188 


1 1 81 3.07225 
11823-07262 
11833-07298 
1 1 84  30733  5 
118513-07372 


1 1 86 3.07408 

11873-07445 

1 1 88  3.07482 

1 1 89  3075 1 8 
1190307555 

1 191  3.07591 
11923.07628 
11933.07664 
11943.07700 
11953-07737 


1 1 96  3.07773 
1 1973.07809 
11983.07846 
1 199  3.07882 
12003.07918 


1 201  3.07954 
12023.07990 
12034.08027 
12043.08063 
12053.08099 


12063.08135 
12073..08171 
12083.08207 
12093.08243 
12103.08279 


121 13.08314 
1 212  3.08350 
12133.08386 
12143.08422 
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2163.08493 
2173.08529 
2183.08565 
2193.08600 
2203.08636 
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^23 

234 
225 


2223 


2343 


.08^2 
.08707 

3-08743 
.08778 

3.08814 

2263.08849 
227  3.08884 
2283.08920 
2293.08955 
2303.08991 

231  3.09026 
2323.09061 
2333.09096 
2343.09132 
235309167 

2363.09202 
2373-09237 
2383.09272 
2393.09307 
240  3.09342 


2423 


241 
242 
243 

244|3 
2453 

246  3I 

247 


3-09377 
09412 

3-09447 
.09482 

.09517 


09552 
3.09587 

2483.09621 

22493.09656 

;  5013 .09691 

3.09726 
.09760 

3-09795 
.09830 

3.09864 


251 

2 


523 


253 

2543 

563 
573 
583 
593 


2 

2 
2 
2 


2603 


.09899 
.09934 
.09968 
.10003 
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2663 
2673 
268 
269 

2703 


2713 
27213 

273 

^74p 

275 


2763 

2773 
3 
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279 
2803 
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281 
282 
283 
284I3 
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2863 

2873 
288 

2893 

2903 
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2963 
2973 
2983 
2993 
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30>3 
3023 

3033 
3043 
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0106 
0140 

9^75 
0209 

0243 
0278 

0312 

0346 

0380 


0415 
6449 
0483 

0517 
0^51 


0585 
0619 
0653 
0687 
0721 


^7^S 
0789 

0823 

0857 

0890 


0924 
0958 
0992 
025 
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126 
160 
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227 

261 

294 
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361 

394 
428 
461 

494 
528 
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3073 

3083 

3093 
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337 
338 

339 
34^3 
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3 

3- 

3463 

347 
348 

3493 
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2613 
2646 
2678 
2710 

2743 
2775 

2808 

2840 

2872 
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35» 
352 

353 
354 
355 
356 

357 

358 

359 
360I3 

361 

363 

364 
365 


23 
3 
3 


366 

367 
368 
369 

3703 


371 
372] 

373 

374|3 

375 


376 

377 
378 

3793 
3803 


381 

382 

383 

3N 
385 

386I3 
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38S 
389 

39? 
391 
392 

393 
394 
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3066 
3098 
3130 
3162 
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3226 
3258 
3290 
3322 

3386 

3418 

3450 
3481 

35»3 


3545 

3577 
3609 

3640 

3672 

3704 

3735 

3767 

3799 
3830 

3862 

3893 
3925 
3956 
3988 


4019 
4051 
4082 
4114 

4145 
4176 
4208 

4239 
4270 

±321 

4333 
4364 

4395 
4426 

4457 
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3963 

3 
3 
3 


397 
39f 

39c 
40c 

401 
402 


3 

3 

40313 
404 

40f 


4o£|3 

407 
40^ 

40s 
4» 


3 
3 
3 
C3 


411 
41? 

4^3 
4M 
415 


416 

41; 
418 

4J9 

420 

42"!  3 
1422^ 

423 
424 
425 

426 

427 
42S 

429 

43  c 
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432 

435J3 

434 

435 


436 

437 
43^ 
439|3 
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3 


[44K<; 

[452c 

4551 
[4582 

4644 

4675 
[4706 

'4737 
[4768 


4799 
:4829 

:486c 

[4891 

4922 

4953 

4983 
5014 

5045 
5076 
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5137 
ft68 

5198 
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5259 
5290 

5320 
5351 

5412 
5442 

5473 
5503 
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5564 

5594 
5625 

5655 
£685 

57'5 
5746 

577^, 
^44^ 
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fM3*»J957 
44S32^J9«7 

(44163.16017 
[4473.16047 
44«3-ifo77 

:44453-*6««7 
4503.16137 


451 

453 

454 
455 


4523 


3.16167 
.16197 

3.16227 
.16256 

3.16286 


45613.16316 

4573.16346 
4583.16376 
4593.16406 
46o3'6435 


461 

46 

463 


3.16465 
23.16495 

3.16524 
464316554 
4653.16584 


466 
467 
[468 
469 


4703 


471 

1472 

473 

4741 
475 


4763 

477 

478 

4793 
4803. 


3.16613 
3.16643 
3.16673 
3.16702 
.16732 


3 
3' 


481 
;482 

483b- 

484 

485 


6761 
6791 
6820 
6850 
6879 


6909 

6967 
6997 
7026 


7056 
7085 
7114 

7143 

7173 
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4863.17202 

487  3- 17  23 « 
[4.855.1^200 

4P93-»7^89 
4903.17319 
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49«3.J7348 

4923-7377 
4933.174X)6 

4943»7435 
4953.17464 


4963.17493 
4973.17522 

498317551 
4993.17580 

5003.17609 


01  3.17638 
023.17667 
033.17696 
043.17725 

953-17754 

063.17783 
073.17811 
083.17840 
093.17809 
103.17898 


u  3.17926 

i2'3-i7955 
133.17984 

143.18013 

1 5  3.1 8041 


1613.18070 
173.18099 
18:3.18127 
i9'3. 18156 
2o!3.i8i84 

21J3. 18213 
223.18241 
23I3. 18270 
24^3.18299 
25J3^3^ 
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8498 
P526 

8554 
18583 
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8696 
8724 
8752 
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3- 


703 


3 


3 


9201 
9229 
19257 
9285 
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3 

3- 
3' 

1653 


3- 


577  3 
5783 
5793 


.19756 
.19783 
.19811 
.19838 
.19866 


5803 

.  3«9893 
5823.19921 

3.19948 
3.19976 
5853.20003 

3.20030 
.20058 
20085 
58913.20112 
590I3.20140 

591  3.20167 
5923.20194 
593  3.20222 
5943.20249 
5953.20276 

5963.20303 
5973.  0330 
5983.20358 
5993.20385 
6003.20412 

3I0439 
6023.20466 
.320493 
6043.20520 

3-20548 

6063.20575 

3.20602 

3.20629 

3.20650 

103.20682 

3.26710 
3.20737 
3.20763 
43.20790 
3. 2081 7 

3-20844 
3.20871 
3.20898 
6193.20925 

620  3. 2j 
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1622 
1623 
1624 
1625 


1631 
1632 


3.20978 
.21005 

3.21032 
.21059 

3.21085 


1626  3.21 1 12 
16273.21139 
16283.21165 
16293.21192 
16303.21219 


3.ZP245 
J.21272 


<633  3.2P299 
^634  5,21325 
<63«r^.2i352 


^6363.21378 
^637  3.21405 
1^6383.21431 
1^639  3,2*458 
1^6403.21484 


^641  3,21511 
1642  3.21537 
^6433.21564 
^644^.21590 
'64513.21617 

16463,216. 

*647^.2i6i 
64813.2169^ 

164943.21722 
650J3.21748 

16513.31775 
1 652  3.21 801 
1653:3.21827 
1654-3.21854 
1 65  5 13..  2 1880 


16563.21996 
16573.21932 
1^583.21958 
16593.21985 
|66o3.22on 


166113.22037 
1662)3.22063 
1 6633.22089 
1664:3.22115 
I|665h.22i4.i  I 
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1 

1667 

<668 

^6693 

16703 


^671 

^672 

673 

i674 
675 


676 
677 
678 

67s 
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.2216S 

3.22194 

3.22220 

.22246 

22272 


3.22298 
3-32324 
3-32350 

3-33376 
3.22401 


681 
682 
683 


691 
692 
693 


3.22427 

3--32479 
3.22505 
3^22531 


23557 
3.22583 

3.22608 


6843.22634 
6853.22660 


6863.22686 

6873.22712 
6883.22737 

6893.22763 
6963.22789 


6943.22891 


695 


6963.22943 
6973.22968 
6983.22994 
6993.23019 
7003.23045 


701 
702 
703 

7<5413 
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228^14 
3.22-840 
3.22866 


3.22917 


3,23070 
3.23096 
3.23121 
23147 
3.23172 


7063.23198 
7073.23223 
708  3.23249 
7093.23274 
7Jo|3^2^300 
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7123.23350 
7133.23376 
714  3.23401 
7153.23426 


716 
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718 

7^9 


3-33452 
3^33477 
3.23502 
3.23528 


7^3-33553 

7313-^3578 
7223-33603 

7233-23639 

734  3-23654 
724333679 


726^2^704 
r737  3-23739 
1I738  3.23754 

i;7'20  5.23780 
'i73Q  3^23805 

"^7^1 3-23830 

^7323-33855 
73«  3.33880 
^734  333905 

.7353-23930 


736^.23955 

737  ^-23980 
73^  3.24005 
7393.24030 
740  3.24to55 

741  ^,24080 
7423.24105 

743  4-24>3o 

7443-24155 
7453.24180 


74713 
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74913 

7503 


751 
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17583.24502 
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<76c  3-2455' 

1761  3.24576 
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17633.24625 
i  764  3. 246  JO 
j  765^24674 
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^767  3.24724 
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3.24353 
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J.24403 
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17783.24993 
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17803.25642 
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17833-25115 
1784  3.25139 

17853.25164 


17863.25188 
'7873-25212 
17883.25237 
17893.25261 
179^.25285 


17913.25310 

17923-25334 
'7933-25^358 
'7943-25383 
'7953-25406 


'79^3-2543' 

'7973-25455 
17983.25479 

17993.25503 
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80113,2555 
8023.25575 


803 


8043.25624 


1805 


,806 

807!^ 

808 

809 

810 
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8] 
[8] 
:8l 

81 


[81 
[81 
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;S 


[S21 

[822 
[823 

$24 
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3  3-25840 
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53-25888 

63.25912 

3*5935 
3.25960 

3.25983 

3.26007 
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.25696 
3.25720 
3.25744 
3.25768 


3.26031 
3.26055 
3.26079 
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8263.26150 
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3  26198 
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.26340 
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^83^  3,26435 
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'84c  3.26482 

841  3.26505 
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8433-26553 
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ir 
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.26623 
.26647 
3.26670 
3.26694 
3.26717 


851 

85 

853 

854J3 


23 


3.26741 
.26764 

3.26788 

.26811 

855I3.26834 


8563.26858 
8573.26881 
8583.26905 
8593.26928 
8603.26951 


861  3.16975 

862  3.26998 
8633.27021 
8643.27045 
8653.27068 

3.27091 

3-27114 
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8703.27184 
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867 
868 


871 
872 
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874 
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877 
878 
879 
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881 
882 
883 
884 
885 


8823 


«863 


887 
888 
8893 
890 


27207 

3  27231 
3.27254 
3.27277 
3.27300 

3.27346 

3*7393 
27416 


3-27439 
27462 

3.27485 

3.27508 

5-2753I 


•27554 

3-27577 
3.27600 

27623 

3-2764.6 
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891 
892 
893 
894 
895 


896 

897 

898 

899I3 

9003 


901 
902 
903 
904 
905 


9023 


9063 


907 
9083 
9093 
9103 


9U 
912 
913 

9> 
9»5 


9»7 
918 

919 


921 


927 
928 
929 


93 « 
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3-27669 
3.27692 

.27715 

27738 
3.27761 


3-27784 
3.27807 

3-27830 

27853 

27875 


3.27898 
27921 

3-27944 
.27967 

3.27990 


43 


.28012 
3.28035 
.28058 
.28081 
.28103 

3.2812? 
3.28149 
3.28172 
28194 
3.28217 


9163*28240 


3.28262 

28285 
3. 28308 


9203.28330 


3-28353 


922328375 


3.28398 

28421 

3.28443 


923 
924 
925 

9263.28466 


3.28488 
28511 

3-28533 
9303.285^6 

^28578 
3.28601 
9333-28623 
934I3. 28646 
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9363.28691 
9373.28713 

938  3*28735 

939  5-28758 

940  3.28780 


941  3.28803 

942  3.28825 

943  3-2«847 
9443.28870 
945  3.28892 


95 » 
952 

953 
95413 

955 


9463.28914 

9473.28937 

9483.2895 

9493.2898 

9503.29003 


3.29026 
29048 

3.29070 
29092 

3.291 1 5 


9563.29137 
9573.29159 
9583-29181 
9.593.29203 
9603.29226 


962 

963 
964 

965 


9663 


967 
968 
9693 

9703 


97  i 
972 
973 
974 
975 


9723 


9743 


.29248 
3.29270 
3.29292 
3.29314 
3.29336 


•29358 
3.29380 

3.29403 

29425 
29447 
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3.29469 
29491 
3.29513 

29535 
329557 


9703.29579 
9773.29601 
9783.29623 

979  3-29^4 
9803.2066' 
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L^ar. 

N. 

Legar. 

198. 

J.29688 

2026 

3.30664 

207 1I3. 31618 

211 

3.32552 

I98z 

5.29710 

2027 

3.3068, 

2072 

3-3 '639 

2(1 

3-32572 

1983 

J.29732 

Z02S 

3.30707 

2073 

3.31660 

2.1 

3-32593 

1984 

J'297S4 

Z029 

3.30728 

207413.3168. 

211 

3-32613 

'98! 

3^776 

1030 

i- 307.^0 

2075 

3-31702 

U^^ 

.«o^ 

J.  2979  s 

20Jt 

5.30771 

2076 

3-317^3 

2TT 

3-32654 

J.29810 

2032 

3.30792 

2077;3.3i744 

212 

3.3267s 

J.29842 
J.2986J 

2033 

3.30814 

207813.31765 

212 

3-32695 

2034 

3.3083s 

20793.31785 

212,1 

3-32715 

3-29885 

203_ 

3^8  S6 

20803.31806 

212 

3-32736 

3.2990? 

ao3( 

3-3087S 

2o»i  3.31827 

212 

3 

3.29929 

2037 

3.30899 

20823.3.848 

212 

3 

3.1995 1 

2038 

3.30920 

20833.31869 

3 

3.29973 

2039 

3-30942 

20843.31890 

2125 

3 

J. 2999+ 

2040 

j- 30961 

208^3.31911 

2I3r 
213 

\ 

3-3oo'6 

2041 

J.30984 

20863.3.931 

3 

3.30038 

3042 

3.31006 

20873-31952 

^13; 

5 

j-30060 

2043 

3.31027 

20883.31973 

2133 

5 

J.30081 

2044 

3.31048 

20893-31994 

2134 

3 

i-i°'°3 

^045 

MI060 

2090  3-3  201  5 

2135 

3 

3-30125 

Z046 

J-3I091 

20913.32035 

2.36 

i.3296o 

J.JOI46 

2047 

33IU3 

2092  3.32056 

2137 

J.32980 

1.30168 

2048 

3-31133 

20933.32077 

2138 

J.33001 

3.30190 
3.302.1 

2049 

3Jii?4 

2094  3.32098 

2139 

3-33021 

20^0 

Mn7S 

209S3-32IT8 

2143 

3-33041 

,3-30233  1 

2^ 

J-31'97 
3.31218 

20963.J2139 

2141 

J.33C62 

3.30255 

2052 

20973.32160 

2142 

3.33082 

3.30176 

2053 

3.31239 

209813-32181 

2143 

3-33101 

3.30298 

2054 

3.31260 

2099I3.3Z201 
210.^3.32222 

2,44 

3.33122 

3J0320 

2055 

3^31281^ 

'2'45;3.33i43 

3-3034' 

2056 

3.31302 

2101,3.32243 
21023. 32263 

2i46;3-33i'i3 

3-30363 

2057 

3.31323 

2147.3.33133 

3.30384 

205S 

J-3134S 

2io3i3.32284 

2i48;3-33203 

3.30406 

2055 

3. 31366 

210413.3230s 

21493-332*4 

3.30428 

2060 

3.31387 

2105:3.32325 

21J03. 33244 

330+49 

2061 

3-3U0!i 

21063,32346 

215. 13. 33264 

1-3047" 

2062 

3.31429 

210713.32366 

2i52;3-332S4 

3.30492 

2063 

3-3H50 

2108,3.32387 

zi53;3-J3304 

3.30514 

2064 

3-31471 

21093-32408 

2154 

3-3332,1 

3^53_i 

2065 

3.31492 

2iio'3.32428 

21^5 

V 

3-30557 

2o66ij73"t5"i3 

2111 

■32449 

21^6 

3- 

3.30578 

2067  3.31s  w 

3.32469 

2157 

3- 

3.J0600 

20683.31^^'; 

2113 

3.32490 

21,8 

3- 

3-3o6»> 

2o69).3ls7* 

2114 

3.52511 

21,9 

3- 

330643 

20703.3^97 

2.1^ 

3.3253, 

V 

■    2l6." 

A  Table  of  Logdrithms, 


N     Logar. 


ii6i  3.33465 
31623,33486 
2»633.335o6 
21643.33526 
21653.33546 

21663.33566 

2i68'3.j36o6 
ai69'3..33626r 

2170^3.33646 

2171  9.33666 
at  72^3.33686 

^i73>337o6 

^1:^5^13^3746 

21 76^3.33766 
M77!3-33786 
ii  7^-33806 
117913-33826 

^i8o>33846 

11813.33866 
^^82^.33885 

^«  836-33905 
i  1 84  3-339*5 

1-3394J 


3-33965 
3-3398^ 
di(88[3*34005 
31893-9402^ 
2>t9o9-3404^ 


21919.34064 
2}(92:3.94q84 
^>93'3-34i04 

2li94J9-34i«4 
2H95!3.94r49 

219^3.34163 
21973.34183 
^1198  3.34203 
ar99  3,34223 


^200 


3.34242 


21201 3.94262 
42029.94282 
4^093.94301 
42049.94321 


iv. 


22063 


2207 
2208 
2093 


2 
221 


03 


221 1 
2212 
2219 

2214 
2215 


22  f 

2217 
2218 
22 


63. 


34557 

3-34577 

3-34596 

.94616 

2220^.94695 


199 


22^19.94655 
22229.34674 
2223  9-94694 

22249-34719 
22259-94799 


22269 


22279 
22289 


2299 


223 

2232 

2233U 

22343 

2235 


2363 


2 

2237 
2238 
22 


393 


2240^ 


2241 


2243 


J 


Logar. 


34361 

3.34380 

3.34400 

34420 

34439 


3-34459 
3-34479 
3-34498 
3.345 « 8 

3-34537 


34753 
34772 

34792 

348 1 X 

223019.94890 


13 


34850 
3.34869 

34889 

34908 
3.34928 


34947 

9.94967 
3-34986 

35005 

35025 


^35044 


22429^.95064 


9.95089; 


22449.9510a: 
22459.95122 

2246  3. 35 1 41 
22473^35160 

22485.3^180 

2249  3^35 » 99' 


22^o|3:.352i» 


N.  [  Logar.   I 


523 


2251 

22 

2259 

2254 

22 


553 


563 


22 

2257 

2258 

2259I3 

226c 


22619 


2262  9:. 
22639 
226419 
2265 


2669 


2 

2267 

22689 


2271 
2272 


2277 


2279 


35238 

35257 
3.35276 

35295 

35315 


3^334 
3-35353 
3-35372 

35392 
3*354" 


3543^ 

35449 
.31468 

.9^488 
9-3'J507 


.95526 

(3-55545 

,     -31564 

22699.55583 

22703.55603 


9.95622 

3-35641 


2273  9-35660 

22743-35679 
22753-35698 


22763.35717 


3-35736 


^278  3-35755 


3-35774 


22803.35793 


2281  3.35819 
22823.35832 
22899.95851 
2284I3.95870 
2285!5.^5889' 


2291 
2292(3 
2299 
2^29413 

12225 


I 


22863.55908 
22873.35927 
228^3^.35946 

2289  3.35965 

22903^35984 


3.56003 
.36021 

3.36040 
.360,59 

3-36078 


N.  \  Logar. 

2296  3.56097 
22973.56116 
"22985.56155 
22993.56154 
23009.^6175 


2301  3.96192 
29029.96211 
2903  3.96229 
2304&.56248 
25055.56267 


2306(3.56286 

290713-36305 
2308J.56324 

23093-36342 

29103.36361 

231*5^58*0 
25123.56399 
23 1 3  5-564 1 8 
23  »4  5.56456 

29165.56474 
23175.56499 
25185.56511 

23i9J-36'530 
25205.56549 

232i5.3r6568 
2522  5;.565»6 
23255.56605 
25245.56624 
2925^.56642 

2926J3.56661 
23273-36680 
292^.56698 

2329^3-36717- 
2990J.56756 


23313-56754 
23323.36775 

2333  3-36r9i 
29545.368'ro 

2555J17?22 


2336  3-56847 
2337J-56«66 
2J38J.368«4 

2339  3-36903 
[23^^.56922) 

234^ 


A  TaUe  pf  Lcgmtims. 


T. 


?54«  3-36940 

?34«  3-36959 
2343  5.36977 

«344  536996 

«345  3»370ij- 


2351 
2352 
»353p 

P3S4I3 

2 


3563 


2 

2357 
23583 

^3593 

23603 


L0\ 


ogar. 


»346  3.37033 

»347  3-3705 « 
W48  3^57070 
»S49  3-37088 
23505.37107 


3.37125 

3-57144 
.37162 

.37181 
37«99 


3553-37'99 


2361 
2362 
2363 

2364I3 


2366 
2367 
23<iS]3 
83693 

?3703 


37218 
3.37236 

37*54 
37*73 
37291 


3.37310 
3.37328 
337346 
•37365 
3-37383 


2371 

2372(3 

2373 

'-^37^ 

2375 


I3-37493 

375"« 

3^37530 
337548 
337566 


2376 

237713 
?378 

237913 
2 


23803 


2381 
2382 

^383 
2384b 

2^ 


.37401 
.37420 

•37438 
•37457 

•37475 


3-37585 
37603 

3.37621 

.37639 
-37658 


3.37676 

337694 
3-377»2 

-S773* 


N. 


239 
2390 

239s 
2394 
2395 


L$gar- 


23863.37767 

2387  3-37785 
238^3.37803 
23893.37822 

23903-37840 


3.37858 
3.37876 

3-37894 
3.37912 

3-379iJ 


2396337949 

23973-37967 

23983-37985 
8399338003 

24003.38021 


24013 
24023 
2403 

2404)3 
2405 


4063 


2 

2407 
2408 
5I409I3 
241013 


2411 


1.38039 
•38057 
•38075 
.38093 
1.38112 


.38130 

3.38146 

3.38166 

.38184 

J  8  202 


3.38220 


24123.38238 
2413I3.38256 
24I4J3.38274 
24'5'338292 

24163.38310 
2417^3-38328 
24183.38346 

241913 -3  83  64 
24203.^38382 

242»!3-38399 


2422 


3-384»7 


24233-38435 
24243.38453 
242^3-38471 


24263.38489 

24273-3^507 
24283.38525 

24293.38543 
2430'3-3856« 


1 


N  \L9gar, 


2431 

2435 
2433 
2434 
2435 


'^363 


2437 
2438 

24393 
24403 


2441 
2442 

2443 
24441 
2445 


24463 


38846 

244713-18863 

.38881 

38899 

38917 


24483 

24493 
245c  3 


245 
2452 

*453 

2454 

2455 


24563 

2457 

2458 

2459 
246 


2461 
2462 


2464 
2465 


2467 
2468 

2469 


3-38579 
3.38596 

3.38614 

3.)86$a 

3.38650 


.38668 
3.38686 

•3B703 
-38721 

^38739 

3-38757 

3-38775 
3.38792 

3-38810 

938828 


03 


3-38934 
3-38952 
3.38970 

338987 
3j99g5 
39022 

339041 

3.39058 

3-39076 

3909A 


3-39"  »> 
3.39129 


2463^-3946 
39164 


3.39182 


24663.39199 


3.39217 
3.39236 
3.39252 


2470339^70 


247*  3-39287 
24723-39305 
2473  3-39322 
24743-393401 
2475  3-3Q3'>8i 


15 


2476 

2477 
2478 


3-3937S 
3.J9393 
3.S94«<J 
2479  3.3942i 
24801^39445 

U481 

248 

2 

2 

2 


23 

4833 
4843 


2491 
2492 

2493 

2494|3 

2495 


laSi 


ar. 


3-19463 
3948< 
1949^ 
195  IS 


485339533 

2486J3.J955C 
2487  3-3956^ 
24883.3958s 
24893.39602 
24903.39620 


3.39637 

3-39655 

3-39672 

.3969c 

3.39707 


24963-39724 
2497  3-39741 
24983.39759 

2499  3-39777 
•2  coo  3.39794 


2501  3.39811 

2502  3.39829 

2503  3.39846 
25043.39863 
25053.39881 


2507 
2508 


25091-! 
25101^.: 


2506  3.39898 


3.39915 
39933 
39950 

^9967 


2511 
2512 
2513 

2514 

2515 


1-59985 
3.40002 
3.40019 
3.40037 
3.40054 


2516  3.40071 


2517 
2518 


3.4008) 
3.40  io( 


25193.401a: 
2^20!  11.40 1, 


IJ2t 


16 
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N.  I  Lffgar.  \T^ 


2521 
2522 
2523 
252 

2£25 

2526 
2527 

2528 
2529 

2S9C 


4^ 


2531 
2532 

2533 
2534 
iS3S 

2536 

2537 
2538 

2539 
2540 


2541 
2542 

2543 
2544 

254s 

254t 

2547 

2548 

2549 

2^«;o 


«55> 
2552 
2SS3 
2554|5 


3.40157 
J40175 
J. 46 192 

40209 


3.40226 


3.4024^ 
<i-4026i 
3.40278 
?  .40  295 

v4o;'2 

> -40  3  29 
5.40346 

5.40564 

i  .40381 

3.40398 


3.404  i«j 

V40432 

3.40449 
3.40466 

3.40483 

3.-^0500 

3.40518 

3-405  3  S 

3.40552 
3.40569 


3.405^^6 
3.40603 

v40620 

3.40657 
3.40654 


3.40671 
3.40688 
3.40705 
40722 
^.40739 


5.40756 
3'40773 
340790 
5*40807 
3.40824 


3.40841 
3*40858 
3-40875 
3.408512 
3.40909 


256ti 
2567 
2568 
2569 

257c 


2571 
2572 

2573 

2574 
2575 
2576 

2577 
i578 

2579 
2580 


2581 
2582 
2583 
2584 
2585 


2586 
2587 
2588 
2589 
2590 

2591 
2592 

2593 
2594 
2595 


L^ar. 


3.40926 

3.40943 
3.40960 

3.40976 

3.40993 


3.41010 
3.41027 
3.41044 
3.41061 
3.41078 


3.41095 
3.41  Hi 
3.41128 

^4l»45 
3.41 162 


3.41179 
3.41196 
3.41212 
3.41229 
3.41246 


3.4*263 
3.41280 
3.41296 

^4^3^3 
34>33o 


259c 

2597 
2598 

2599 
2600 


2601 
2602 
2603 
2604 
2605 


2606 
2607 
2608 
2609 
2610 


;.4i347 
3.41364 
3.41380 

3-41397 
3.41414 


341430 
341447 

3.41464 

3.414^1 

3.41497 


34»5H 

34i53» 

34*547 
341564 

3.41581 

34*597 
3 41614 

3-41631 

3.41647 


2611 

2612 

261 

2614 

261 

2616 

2617 

261 

2619 

2620 


33 


83 


2621 
2622 
2623 
2624 
2625 

2626 

2627 

2628 

26 

2630 


293 


2631 
2631 
2633 
2634 
2635 


6363 


2 

2637 

2638 

2639 
2640 


iu 


Logar. 


3.41^81 
3.41697 
41714 

341731 
3-41747 


3.41764 
3.41780 

41797 
3.41814 

3.41830 

3.41847 
3.41863 
3.41880 
3.41896 

5.41913 


3.41929 
3.41946 
3.41963 

4^979 
3.41996 


3.42012 
3.42029 

3.42045 
3.42062 
3.42078 


42095 
3.421  II 
3.42127 
3.42144 
3.42160 


3.42177 
3.42193 
3.42210 
3.42226 
3.42243 


;o3 


3.42259 
3.42275 
342292 
3.42308 

42325 


34234* 

3-42357 

3.42374 
3.49390 

42406 


N. 


Logar, 


26563.42423 

2657342439 
2658342456 

342472 
342488 

3.42504 
42521 

3-42537 
3.42553 
3-42570 


2659 
2660 

2661 
2662 
2663 
2664 
2665 

2666 
2667 
2668 
2669342635 


3.42586 
3.42602 
3-42619 


2670 

2671 
2672 
2673 
2674 
2675 

2676 
2677 


3-4265  \ 

3.42667 
3.42684 

3-42700 
342716 
342732 

342749 
3.42765 


26783.42781 


2679 
268c 

2681 
2682 
2683 

2684 

2685 

2686 
2687 
2688 
2689 
369c 


2091 
2692 
2693 
2694 
2695 

2691 

2697 

2698 

269* 

270013 


3.42797 
3-42813 

342830 
3.42846 
3.42862 
3-42878 
3:42894 
3.4291  X 

342927 
3-4294J 

3-42959 

3-42975 

3-42991 
3.43008 

343024 

3.43040 

343056 


343072 
3-43088 

343 104 

3.43120 

mis 


z^Ql 


ATMi  of  Logsrit&ms. 


2701 
2702 
2703 


2705 


W 


343 152 
3.43169 

3«»85 


2704  3 -43  *<^' 


2712 
2713 


Logar. 


3-43*'7 


27063.43233 
27073.432A9 
27081.4^05 
27093.43281 
27103.43297 


27113-43313 


3-43329 
3-43345 


27M3-4336« 

27^343377 

2716343393 

«7>  7  343409 
27183.43425 

27^9  34344* 

27203.43457 


272i|343473 
27223.43489 

2723343505 
2724343521 

2725343537 


27263.43553 

2727343569 
27283.43584 

27299.43600 

2730  343616 

275  »  343632 
27323.43648 
27333.43664 
27341343680 

2735 


3.43696 


27363.43712 

2737343727 
27383.43743 

2739  3-43759 

2740  3.43  77'; 

274^  3  43791 
274^3.43807 


2743 

2744 
III  45 


3.43823 
3.43838 


iV 


Logar- 


27463.43870 
2747343886 
2748343902 

2749  3439"  7 
275013-43933 

3-43949 
3.43965 

3.43981 

3.43996 

34401a 

27563.44028 

2757344044 
27583.44059 

27593-44075 
2760    3.44091 


^mmmmmi 


2761 


27623.44122 


2763 


2767 
2768 
2769 

^770 


27.77 
2778 

2779 


3.44107 


3.44138 


27643.44*54 
2765  3  44' 70 

2766344185 
3.44201 

344217 
344232 
344248 

3.44264 

3-44279 
3.44295 


2771 
2772 

2773 

2774|3-443" 

277044326 


27763-44342 


3.44358 

3-44373 
3.44389 


278013 -44404 

3.44420 

344436 
3.444.51 


2781 
2782 

2783.  -..., 
2784  3-44467 


2785 


2786 

2787 
2788 

2789 


854H2790I3 


3.44483 


3.44498 

3.445*4 
3.44529 

3.44545 


N. 


279*13.44576 

2792  3-44592 

2793  3.44^7 
2794344023 
279513 .44638 


2796 

2797 

2798 

2799 

280c 


280  ! 
2802 
28033 
28043 


2805 

ioB|3 


2 

2807 

28083 

28093 

2810 


2811 
2812 
2813 
2814 
2815 


Logar. 


3.44654 

344669 
3.44685 

3.44700 

344716 

3.4473* 

3  44747 
.44762 

-44778 
3-44793 


44809 

3.44824 

,44840 

44855 
34487' 


3.44886 

3-44902 

3  449*7 
344932 

344948 


28163.44963 

2817 
2818 
2819 


2820345025 


2821 

2822 

2823 

2824I3 

2825 


63 


282 
2827 
2828 
2829 

28303 


2831 
2832 

2933 
2834 


3-44979 

44994 
3.45010 


3.45040 
3.45056 
345071 
45086 
345102 


45**7 

345*33 
345148 

345163 
345*22 


3-45*94 
345209 
3.45225 
3-45240 


2835h'4^2^<; 


N. 


L9gar. 


^836  3.45271 
28373.45*8^ 
2838345301 

^39  3  453*;^ 
284^345334 

45362 

4^378 


2841 
284 


23 


28433. 

2844  3  4539* 

2845  3  45408 


2846 

2847 
2648 

2«49|3 
28503 


45423 
45439 
45454 
454^ 
45484 


2851 
2852 

2853 
2854 

2855 


34550G 

3455*5 
34553^ 
345545 
3-45j;6* 

2856345576 

28573-4559* 
28583.45606 

28593.45621 

28603.45637 

3.45652 
3.45667 
345682 

345697 
3  457*2 


2861 
2862 
2863 
2864 
2865 

2866I345728 
28673.45743 
28683.45758 
28693.45773 
28703.45788 


2871 
2872 
2873 

2874 
2875 


3.45803 
3.45818 

3.45834 

345849 
3.45864 


2^763-45879 


2877 
2878 
2879 


3.45894 
345909 

3.45924 


2880I34W2 
2881 


18 


ATdbkpf  tognmhmf. 


N. 


Lofrar, 


2881 
2882I 
2883 
2884 


i!!5j 


2 
2 


8863 


345954 

3.45969 
3.45984 

3.46006 
1^ 


8873 
2888 
28S93 
28903 


1 2891 


[  3.46105 
2892346120 

3  461 J  5 
3.46150 

3/46165 


2893 
289^ 
2895 


8963 


2 
2897 

!  2,898 
2899 
29P0 


2901 

2902|3 

2903 

2904(3 
2905 


29063 

2907 

29083 

29093 

2910 


2912 
291 
291 
2915 


291 

291 

2918 

291 

2Q20 


46030 

46045 

3.46060 

46075 

46090 


46180 
346195 
3.46210 
346225 
346240 


346255 
46270 
346285  = 

463  00: 

4..J3"^' 

346345 
46360 

•46374 
M6389. 


33 
43 


3  46404 
346419 

46434 

46449 
3.46464 


634 


73 


93 


2921 
2922 
2923 
292^ 

'2in 


M79 
.46494 

3.-46509 

46523 
3.46538 


34^553 
3.46568 

346583 
3.46598 

Mt66i^ 


N. 


2926 

29f73 
^9^8 

2929  3 

29303 


346702; 
346716 

3467311 
934  3^46746 
2935946761 


2931 
2932 

2933 

2 


2936346776 


2937 
2938 


2959 
29403 


294.> 
2942 

2943 
2944 

£945 
2946 

2947 
2948 

J949 

2950 


2951 
2952 

2953 
2954 

29?5 


29563 


2957 
295813 

2959 

29603 


2961 

2 

2963 
2964 
2965 


9623 


296613 
2967 
2968 
2969 


'970*3 


Lo^ar. 


346627 
46642 

3.46657 
.466721 
.46687! 


346790: 
346805 

346820 

46835 


3.46850 

3.46864 

346879 

3.46894: 

346909 


346923 

3.46938 
346953 

3.46967 
346982 


346997 
347012 
3.47026 

347041 
347056 


47070 

3.47085 

47J»oo 

347115 
471.29 


347*44 

47*59 

347*7.3 
.47188 

347262 


47217 
47232 

3.47246 

3.47261 

47276 


N. 


2971 
2972 
2973 

297413 

2275 


2976 

2977 
2978 

2979 

2980 


47290 

47305 
473*9 
47334 
47349 

•47363 

473  7« 

34739* 

34*7407 
347422 


3 


9823 


2981 

2 

2983 

2984 

2985 


2986 
2987 
298S 

2989 
2990 


347438 

.  4745* 
347465 

347480 
347494 


2991 
2992 
2993 

29943 
2991; 


2996 
2997 
2998 

299 

300c 


3001 
3002 
3003 

3004I3 
3005 


3006(3 

3007 

3008 

30093 

3010 


301 1 
3012 

3013 
301^ 

J211 


Logar,^ 


347509 

347524 
347538 

347553 
347567 


3475^2 

347596 
3.4761 1 

,47625 
3.47640 


347654 

3.47669 

3.57683 

47698 


ZA1712 


34774* 

347756 

47770 

3477^4 


47799 

347813 
3.4782*8 

.47842 

347857 
347871 
347886. 
3.47900 

3-479*4 
47929 


iV. 


301 

30*7 
3018 

301 


63 


93 


30203 


3021 
3022 
3023 

302^15 
3025 

302613 

3027 
30283 

30293 

30303 


3031 
303? 

3033 

30 

3035 


3.48015 

3.48029 

3.48044 

48058 

348073 
48087 

348101 
.48116 
4813c 
4814^ 

3.48159 

348173 
3.48187 

202 

3.48216 


34  348 


3045 


3047 
3048 


Tt 


ogar. 


47943 
347958 
3.47972 

.47986 
.48001 


3036348230 

3037348244 
3038348259 
3039348273 
3040348287 

3641  348302 
304-23483*6 

3043  348330 
3044348344 


348359 


3046348373 


348-387 
348402 


30493484*6 
3050348430 

348444 

348458 

348473 

348487 
348501 


3051 
3052 

3053 

305^ 
3055 

305613485*5 
3057348530 

3058348544 

3059  348558^ 
306C3.4857JI 

300^ 


A  It^Ah  tf,  Lt^miktik^ 


19 


ir 


Lo^t* 


3062  3.48661 

30633.48615 
3064  3.48629, 
30653.48643 


0663.48657 
0673.48671 
0683.48686 
069  3.48700 

0703.48714 


3071 


30743.4877a 
3075  348785 

J076  ?-48799 

P77 
J078 

3079 


$080348855 


jog  I 
J082 
J083 

io84J3-489" 


30723.48742. 


J073 


3.48756 


3091 
3092 
3093 


:Ar. 


3.48728 


3.48813 
3.48827 
3.48841 


3.48    , 
3.48883 

3.48897 


3085  3489^ 

3086348940 
3087  348954 

)o883  48968 
3089348982 
1090348996 


3.49010 
3.49024 

349038 


30943.49052 
}09£  349066 

30963.49080 

i097  349094 
59983.49108 

30993.49122 

3^3.49136 

3.49150 

3.49x64 

49178 

49192 

3.49206 


043 


LoPafy 


31663.49220 
31073.49234 
3io8  3,.49248 
13 1.09  3.49262 
3110349276 

J3111J3.49296 
3112349304 


^^n 


•3"43-49332 
31J  5  349346 


31163.49360 


9M7 
3J18 


3-49318 


349374 
3.49388 


31193.49402 
31203.49415 

3 1 21  3. 49429 

3122349443 

a«  23  3-4^457 
^124349471 

31253.49485 


3:1*263.4.9499 
3 1 27  3.495 1 3 
31283.49527 
31293.49541 

.3130349554 


3131  3.49568 

^3132349582 

13133349596 
31343.49610 

3135349624 


31363.49638 

3157349651 
31383.49665 

31393.49679 
31403.49693 


3141  3.49707 
•31423.49721 

.  3  H3  349734 
3  H4  3  49748 

31453.49762 


III  ■ill 


31463.49776 

3  H7  349790 
3x483.49803 

31493.49817 
315013.4983 


"N. 


Lozar. 


31513.49845 

3152349859 
3*53349872 
3154349886 
31553.49900 


31563.49914 

3 157  349(927 
31583.49941 

J '59  3  4995  5 
31603.49969 


3161349982 
3162349996 
31633.50010 
31643,50024 
31653.50037 


j  166  3.50051 
J 1 67  3.50065 
31683.50079 
31693.50092 
31703-50106 


517113.50120 

31723-50133 
3173  3-50147 
51743-50161 

3i753'50i74 


3i763>5Qi88 
5 '77  3^50202 
31783.50215 

31793-56229 
31803.50243 

31813.50256 
31823.50270 
31833.50284 
31843.50297 
31853.50311 


31863.50325 

31873.56338 
3i««3.50352 

31893.50365 
319c  3-503  79. 


c  2 


31913.50393 
31923.50406 
31933.5042.0 

31943-50433 


3206 

32q'7 
3208 

3209J3.50637 
3.50651 

32ii^:]56^ 

""""3.50678 

3.50691 
:o705 
[07 18 


:322i 

'3222I3. 

3223 

3^2413. 

32253, 

3226 
3227 
3228 
3229 
3230 

3231 
3232 

3233 
3234 
3235 


32363 

3237 

3238 
32393 


3' 


3 


3241 


so 


A  TMi  nf  Logarithms* 


'Ojiar. 


095 
108 
121 


3.^1202 


3 


3 


J- 


'53' 


3 


J271 
3*72 
3^73 
327413 

mi 

3276 

3*77 
3*783. 

32793- 
32^03. 

52813T 

32823. i 

32833 
32843.1 

3-28^  r 


3291 
3292I3 

3293 
3294 
3295 


2873 
32883 

32893 
32903 


3301 
3302|3 

3303 
3304 
330*: 


3063 

3307 

3508 

33093 

33«C3 


3 


3311 
3312 

3313 

33M|3 

33153 


33163 

3^17 
33183 
53«93 
?320  3 


f^* 


Logar. 


3 


996 
[2009 

[2022 

;203s 
[2048 


:2o6i 
:2075 

:2o88 


3 


3 


2127 
2140 

2166 
2179 


M 


3331 
3332 
3333 

3334 
33^ 


^3 


3^363 
33373 
33383 
33393 
3  340  J 


334» 
3342 
3343 
334413 


3345  3 


33463 

3347 
3348 
33493 
33'>c3 


335» 
335^ 
3353 
3354 


3360 


3361 
3362 

3363 

3364 

.336c 


3367 
3368 


V  '   ■■■' 
Logar* 


52257 

3.52284 
52297 
52310 


•52323 
.52336 
.52349 
•52362 

•52375 


3.52388 
3.524JOI 

3.5244 
52427 

52440 


52453 
52466 

52479 
.52492 

.52504 


.52517 

3.52530 

3.52543 

3.52556 
3.52569 


33563.52582 

33573*52595 
39583.52608 

33593.52621 


3'52634 


3.52647 
3.52660 
3.52673 
3.52686 
3.52699 


33663.52711 


3374 


3.52724 
3.52737 


3369352750 
335^03.52763 


337«  3.52776 

33723-5^789 
33733.52802 

3.52815 

3.  c  28  27 


N, 


3376  J 


52840 

337713.52853 
.52866 

52879 
52892 


1378} 

5379} 
33803 


3381 
3$82 

33833 
33843 


33853 


33863 


52969 
3.52982 
3.52994 

53007 
3390|3.53O20 


3387 
3388 

33893 


3 


339» 
3392 

33933 

3394 

3395 


3402|3 

3403 
3404 
3405 


3411 

34^ 

34»3 

34'4 

34.1 


3417 
3418 

34'9 


342013. 


Logar. 


3.52905 

3.52917 

.5295^ 

.52943 
.52956 


53033 

3.53046 

.53058 

.53071 

3.53084 


33963.53097 
33973.53"0 
33983.53122 

33993-S3«35 
3400(3.53148 

3401 


3.53 1 61 

53«73 
3.53186 

3.53»99 
3.53212 


34063.53224 

34073.53237 
f4o8  3.53250 

34093.53263 
34»o  3.5327s 


23 


53 


3.53288 
53301 

3.533M 
$.53326 

53339 


34*63.5335 


3.53365 

53377 
3.53390 


^34.0 


3241 


ji  Taik  6/  Logarithms. 


21 


in 


J42I 
J422 

J423 

?424 

$425 


3426 

J429 
3430 


3431 
3432 
3433 
3434 
3435 


343<J 
3437 
3438 

3439 
3440 


344  > 

3442 
3443 

3444 
3445 


344^ 

3447 
3448 

3449 
3450 

345> 
3452 

3453 
345^ 
3455 

3456 

3457 

3458 

3459 
5460 


3461 

3462 

34<53 
3464 

U65 


iogar,   II  N*  \L((gar. 


53415 
53428 

5344^ 

53466 

53479 
5349» 
53504 

535>7 
53529 

53542 

53555 
535^7 
53580 

S3  593 

53605 
53618 
53631 

53643 
53656 

53668 
53681 

53694 
43706 

53719 


53732 

53744 

53757 

53769 
5"3782 


53795 
53807 

53820 

53932 

53845 


53857 
53870 
53^83 
53895 
5390^ 


5S920 

53933 

53945 

•53958 

i.^3Q70 


6466 

3467 
3468 


3470 


3469  3-54020 

3-54033 

3471  3-54045 
.3472354058 


3473 
3474 
3475 


34763 
347713 
3478 

3479 
3480 


3481 
3482 

U83 
3484 

3485 


3486 

3487 
3488 

3489 
34903 


349 » 

3492 

3493 
3494 
349f|3 

349<^ 
3497 
3498 

3499 
3500 


3505 


350 
3507 

35©8 

3509 

211 


3.53983 

53995 
54008 


3.54070 
3.54083 

354095 


3 


.54108 
54120 

54133 

•54H5 
.54158 


5.54170 
3.54183 

3-54»95 
3.54208 

3 542 20 


3-54233 

3-54245 
3.54258 

3.54270 
-54283 


3- 


54295 

54307 
54320 

54332 
5434.5 


3-54357 
3-54370 
3.54382 

3-54394 
3.54407 


3501  3.54419 
35023-54432 
35033-54444 
35043.54456 
3-54469 


63 


2U 


.544H1 

3-54494 
3.54506 

3-545>8 

54531 


N. 


35 
35 
35 
35 
35 


35 
35 
35 

35 

352c 


3 
3 
3 
4i3 


13 
3 

% 
3 
3 


Logar. 

54543 

54555 
54568 

54580 
54593 


3521 

3522 

3523 
3524 
35253 


35263 

3527, 
35283 

3529  J 
35303 

3 


J53» 
3532 

3533 
3534 
3535 


3536 
3537 
3538 

3539 
35433 

354> 
3542 

3543 
354^ 
3545 


3546 
3547 
354? 

354S 
355c 


3 
3 
3 
3 
3 

355' 
3552|3 
3553 
3554 

2iii 


54605 

S4617 
54630 

54642 
54654 

54667 
54679 
54691 

54704 
54716 

54728 

34741 
54753 
54765 
54777 


54790 
54802 

54814 
54827 

51839 
54851 
54864 
54876 
54883 
54900 


549«3 

54925 

54937 

54949 
54962 


54974 
54986 

54998 
55011 

55023 


55035 

55047 
55060 

55072 
5^084 


N. 


3556 

3557 

3558 

35593 
3  560(3 

1561 
3562 

3563 
3564 
3565 

3566 
3567 
356S 

3569 
35703 


3571 
3572 

3573 
3574 
3575 

35:^6 

3577 
3578 

3579. 
35806 


3 


3581 
3582 

358313 
3584B 
3585 

3586 

3587b 

3588 

3589 
3590 


359» 
3592 
3593 
3594 
3595 


359^^13 

3597 

3598I3 

3599 

^f'OO 


Logar» 
096 


3- 
3« 
3 

3 
3- 
3 
3 


3 


108 

121 

^33 
U5 

»57 
169 

182 

194 

'tot 

u% 
230 

242 

1267 


279 

1291 

303 
315 

;328 

:34c 
352 
364 
376 

^388 

;4co 

i4i3 
425 

1437 
;449 
1461 

:473 
1485 
;497 
09 


522 

534 
546 
558 

MO 


582 

594 
;6o6 
:6i8 

:6^o 


3^1 


1 


7,^ 


A,  TMe  of  Logmthftfr.. 


*. 


iV.  I  Logar, 


Logarl 


56023. 
J603  3. 
36043, 
J605 

/  36063. 
36673. 
36083. 
36093. 
36103 

3«ii3 
36123 

36133 
36143 
36153 
36163 
36173 
361553 

36193 
362c  3 

3621 

3622 

3623 

36243 

36253 

3-6263 
36273 
36283 
36293 
3630I3 

3631 
3632 

3633 
36346 
3635. 
563613 

36375 

36383 

36393 
36403 
36413" 

3642(3 

3<^4' 

3644^3 


^   36453 


1642 

[654 
;666 

;678 

[691 

1703 
715 

1727 
739 

763 

775 

787 

799 
;8m^ 

^23 
835 

:847 
859 

;8j4 

'882 
895 

1907 
;9«9 
[93J 

;943 
1955 
;967 
;979 
[991 
;ooo3 
;6oi5 
[6026 
[6038 
^050 

;6o62 

;6o74 
;6o86 
;6o98 
;6iio 

;6i22 

6134 

6146 

56158 

56170 


JV»  \Logar^ 


364613 

36473 

364^3 

36493 
36503 


365 

3$52|3 

36533 

36543 

365S3 


36563 

36573 

36583 

36593 
36603 


3661 

3662 

3663 

3664J3 

36653 


366613 

3667 

3668 

3669 

3670 


3671 
3672 

3673, 
3674I3 
3675 


3 


36763 

3677 
367b 

3679 

3680 


3 


3681 

3682 

3683 

3684I3 

368s 


3686 
3687I3 
3688 
3689I3 


56182 

56194 
56205 

56217 

56229 


56241 
56253 
56265 

56^77 
56289 

56301 
56313 

5*6324 
56336 

5634« 


56360 

5637? 

56384 
56396 

56407 


56419 
56431 

56443 

56455 
56467 


56478 
56490 

56502 

56514 
56526 


56538 

56549 
56561 

56573 
56585 


56597 
56608 

56620 

56632 

56644 


56656 
56667 

56679 
56691 

56-^03 


AT. 


369 
369 

3693 
.3694 

3695 


<3 
23 


36963 

3697 
3698 

3699I3 


370c  3 


3701 
3702 

37033 

3704I3 
3705 


3706 

3707 
3708 

3709 

37it: 


3711 
3712 

3713 

37M 
3715 


37» 

37171 

3718 

37» 


37203 


3721 
3722 

3723 
3724 

3725 


37263 


3727 
3728 
3729 
3730 


U^ 


at: 


•56714 
•56726 

3-56738 
3.5675c 
3.56761 


56773 
3.56785 

3-56797 
.56808 

.56820 
3-5^832 


3.56844 
.56855. 
.56867 

3-56879 


.56891 
3.56902 
3.56914 
3.56926 

3-56937 


3.56949 
J. 56961 
3.56972 
3,56984 
3.56996 


63 


93 


.57008 
3.57019 

3-5703« 
57043 
57054 


3.57066 

3-57078 
3.57089 

3.57101 
3-57113 


57124 
3-S7'36 
3-57148 

3-57159 

^57l7i 


373  > 
3732 

3733 
3-734 
3735 


3-57183 

3-57194 
3.57206 

3-57217 
3-57229 


• 


N: 


3736 

37^7 

372« 


3-5724* 
3-57252 
3.57264 


37393-5727^ 


3740 


3741 
374^ 
.3743 
3744 
.3745 


3-572991 

3-57^» 

35732^ 

3-57^34 

3-57345 


37463.57357 
37473-57368 

37483-57380 

37493-57392 

375013-57403 

{375* 
'37^2 

3753 

3754J 

3755 


3761 


3763 
3764 


3-5728: 


3.57415 
3.57426 

357438 

3-57449 


.37563.57473 
'37573-57484 
•3758  3-57496 
3759J*57507 
376oi:575'9 


3-57530 


3762  3-57542 


3-57553. 
3-57565 


3765J-57577 

37663.57588 
3767  3.5760c 
37683.57611 
3769  3-5762^ 
377^^57634 


377113-57646 

37723.57657 
37733-57669 
37743-57680 
3775  5-57692 


37763-57703 
137773-57715 
37783-57726 
37793-57738 
3780)3.^7749 

37»i 


ATiAU  of  Logarithms. 

N,  )  Lagef. 
387^3 -5  S  78: 


1781  J. 
J783J. 
5784  J. 
J78S  J. 


?  806^:^8047 
3807^.5805: 

3B08B.58071 


J825J 


I  jv.  1  i«d/-. 


■ig7c|3-sS77. 


38843.58928 


3896I3.J906Z 
3  Mj- 5907  J 
38983.S90S+ 
38993.59095 
390^3-59006 


3.  J  9284 

J.J9»9^ 
3.5930* 
3.59318. 
3"J93^9 


3^3  H 


39»3'3' 59362 
i-S9373' 
19384 
39'*6;3.j9395 
39»7I3'J9406 
398^3.59417 
"1913.59428 
39333:i9+39 
393i|3J94S<^ 
3933  3.J946I 

3933  3-J9472 

3934  3'S94S3 
3935iJ9494 
39363.59506 

3-59S"7 
JS9S2E 
3939  3-J9S3S 
32£  }-T9SS0 
3.59561 
J-i957» 
359583 
3S9S94 
3.J960S 


394' 3 

3942  J, 

3943  3 
3944}. 

39453 

3946  3.591516 

-   73.59627 

8  3.5963* 

9  3-!564g 
013.59660 

3.59671 
3.59682 
359^3 
3-59704 
3'597tS 
39563.5971^ 
7  3-59737 
83-5974*  ■ 
3959  3-S9755 
1-390^3  ■S977t: 


A  TidtU  of  L^arifbas. 


3974  3- 
t97?^ 


3983  3-6oo3i 
J984  3.6oojz 
5985^^60043 
J986  3.60054 
J987  J.60065 


J 

3- 
3 

5 
4020  ^ 


402 

4022]  3' 

4023 

4024 

4£^ 
I  4026  J. 
14027 

4028 

40Z9 

4030 ; 


403; 

40J2[3' 

4033  3 

4034 

403; 

4036 

4037 

4038 

4039,3. 

404q|3 

4041 

4042 

4043 


.603*5 
.60336 
.60347 
.60358 


60379 
.60390 
.60401 
.6041  z 
60423 


.60433 
.60444 
.604s  5 
.60466 

:60477 
"60487 

.60498 
60509 
.60510 
^60531 


.60^41 
.605^2 

■60563 
.fio574 
.60^84 


.60595 
.60606 
60617 
60627 
1^0638 
50649 
.60660 
■60670 
.60681 
■60692 

.60713 
.£0724 


4084*3.61 109 

4085I3.61119 


3.61140 


4089  36 
40903.6; 


4092 


i22l 


3.61183 

.  ,  3.61194 
4093  3.61204 
40943.61 


3-6i22^ 


4096|].6iz3£ 
4097  J. 61 147 

40983-61*57 
4099  361368 
41003.6H78 
3.61289 
3.6130c 
3.613  le 
3.6.32? 
3'6i33' 


3-6i3*a 

.      .  }-6i35J 

4103  361363 

41093.61374 

3-61384 

3.61395 

3.6140! 

,361416 

413.6141* 

411513^61437 


4ii6f3.6i448 
41173-61458 
41185-61469 
41193.61479 
412^36149: 


4i2i)-6i50c 
41223.61511 
4123I3.61S21 
4i24)3-*iS3a 
412513-61542 
412613.61555 
4i27'3.6is63 
4i»83-6iS74 
41193-61584 
41303.6159; 
4i3i'3-<Si6of 
41323-61616 
413313-61627 
413+J.61637 
35}-6i648 


41363.61658 
4137  3.61669 
413E  3.61679 
41393-61690 
.61700 


4'4<13-6 


4141 


A  Table  if  Logarithms. 


^5 


N. 


Logar* 


4.1413.61711 
4.1423.61721 
41433.61731 
41443.61742 
4145I3.61752 

4.146 

4148 
4149 
4150 


4151 
4152 

4153 

4»55 


543 


563 


41 

4>57 
4158 

4159 
4160 


4161 
4162 

4163 


4177 
4178 

4^79 
4180 


3.6 1 763 
.61773 
3.61784 
3.61794 
3.61805 


3.61815 
3.61826 
3.61 8j6 
.61847 
3.6x857 


157868 
3.61878 
3.61888 
3.61899 
3.61909 


3.61920 
3.61930 
3.61941 


41643.61951 

4165  3.61962 

41 66  3.61 972 
4167 
4168 
4169 

4170 


3.61982 
3.61993 
3.62003 
3.62014 


41 7 1  3.62024 
4x723.62034 
4x733:62045 
41743.62055 
4x753.62066 


4x763.62076 


4x8x 


3.62086 
3.62097 
3.62107 
3.62118 


3.62x28 
4x823.62138 
4i83'3.62i49 
41843.62159 
4.i8;;'3.62i70 


4X9X3.62232 
4192  3-62242 
4X933.62252 
4X943-62263 
4X953.62273 


4186U.62180 
4x873.62190 
•  4x883.62201 
4x893.62211 
4x903.62221 


4x963.62284 
419^3.62294 
4x98362304 
41993-623x5 
42003-62325 


42 
42 


4220 


4201  3  623  3  5 
42023-62346 
42033-62356 
42043-62366 
4.2053.62377 

42o£  3-62387 
4207362397 
4208  3-62408 
42093-624x8 
42x03-62428 


421 1 13 -62439 

421,  '"" 
42 


;i  9  3.62449 

p.^il3-62459 
42x43-62469 

42x53*62480 

4216  3-62490 
42x73-62500 
-i<»t83.625ix 
93.6252X 
3.6253X 


422X  3.62542 
42223.62552 
42233.62562 
42243.62572 
42253.62583 


42263.62593 
4227  3.62603 
42283.626x4 
42293.62624 
4.230I3.62634. 


iPMOTMv 


42423-62757 

13 .62767 

62778 

3.62788 


^.  l^^g^r. 


42313-62644 
42323-62655 

4233  3. 62665 

4234  3.62675 
42353-62685 


4236 
4297 


3.62696 
3.62706 


42383-62716 
42393-62726 

424c  3-62737 


4241 


4243 
4244 
4H5 
4246 
4247 


362798 
3.62808 
4248  3;628i8 
42493*62829 
4250362839 


42563 

42573 
4258} 


42663 

4267 

4268I3 

426c 

427c 


4271 
4272 
4273 

4274 

4.27 «; 


3.62747 


42513.62849 
42523.62859 
4253  3*62870 
4^543.62880 

4255|3.6289<» 


.62900 

.629x0 

.62921 

425913.62931 

4260  3. 6294  X 

4261  3.62951 

4262  3.62961 

4263  3  62972 
42643.62982 
42653.62992 


.63002 
3.630x2 

.63022 
3.63033 
3-63043 

3.63053 

3.63063 

3.63073 

363083. 

3-63094 


4276  3.63x04 

4277  3.63 1 14 
427^  3.63x24 
427r  3.63134 
42803.63x44 

428 X  3.63x55 
42823.63165 
42833.63175 
42843.63185 
42853.63195 

42863.63205 
4287  3.6321  J 
42883.63225 
42893.63236 
429^3.63246 

429^  i^s^ 

4292  3  03?66 
4293363270 
42943-63286 

4295  3-63296 

4296  3-63306 
42973-63317 
42983-63327 

42993-63337 

4300  3-63347 

4301  3.63357 

4302  r-63367 
430J  3.63377 
43043.63387 

4305363397 

43063.63407 
43073.63417 
43083.63428 
43093.63438 
43103.63448 

43113.63458 
43x23.63468 

43 '3  3-63478 
43x43.63488 

43^53-63498 
43163.63508 
43'73-635»8 

43133-63528 
43x93.63538 

^.?i^?'3-6gH^| 
4321 


atf 


A  Taklt  of  Logtrithm, 


1-332  J.63 56 

3.63579 
.-    ,J'6358t) 

+326). 
4-327  3' 

tJ29  3 
+33'=  3 


4.3385-63729 


43563.63909 


3.63959 
3.63969 
3.63979 
3. 6398  S 

3;D3g93 


-£.6401 8 

113.64028 
1I3.64038 
J3.64.a48 


ST   l.tgar. 


44"  J -644!  4 

44"  3-64464 
44' 33-64473 
44M  3-64483 
£ti5  3^93 
44"  1 3.64503 

44'7J.64S'3 
44>t  J.64S23 
4415  J.64S32 
+42^  J.64542 

44"?5r5S2 
41-2Z  J.64562 
4423  (.64572 
44^  3^4582 

4425^64591 
442*  J.64601 
44273.6+611 
4428  J. 6462 1 
'53.64631 
15  5.64640 
443"  ^24650 
443^ }. 64660 
4433  5^70 
4434;. 64680 
4435  3.64689 
443trS76^ 
44375.64709 
4438,47;;^ 
4439  3.64729 
'"- 3-64738 


-,-r,-  3^748 

4442  3.64758 

4443  3-64768 
+444  3-64777 
4445  3-647f<7 


4<J4£  JZ4797 
4447  3,64807 
444K).648i6 
4449  3-64826 
4450^.64836 
4451 3.64846 
445^3-64856 
4453  J-64865 
445^  5.64875 


i^   

445^4895 

4457  3'64904 
4+58  3.64914 

4459  } -64924 

4^fC3£493J 

■  ^    3-649^1 

4462  3-64951 

4463  3-64961 

4464  3.64971 
4*65  3.6+9*J 


4466  3.6499 J 
4407  3. 6500 J 
44^8  3.6501 1 
4469  3-65021 
447":  3  65031 


4471  3.65040 

4472  3-65050 

4473  3-6so6c 

4474  3-65070 

4475  3-65079 


4481 


4476  3.65089 

4477  J-6so9« 

4478  3-6510* 
4475  3-6S»'8 
448c  3.65128 


J-6S'37 


448;  3.65147 
4+833^5157 
4484  3-65167 
448;  5.65 176 
3.651116 

4487  3-65196 

4488  3-65Z05 
5 


4489  3.652 
4«gc  3.652 


1-65234 

3-652+4 

..,.3-6525+ 

4+94  3-65263 


3-65273 

3-652^ 
3.65291 


A  TaUe  tf  L^anthms, 


ar 


4.501   3. 65^33  ^ 

«02  3-65341 

+503  3$535o 
4yo4v6536o 

4505  J.65369 


4506^-65379 

4507  365389 
45o8j6y39« 

^509365408 

45103-65418 


45113-65427 
45123-65437 
45133*25447 
45143-65456 
45153-65466 


45»6  3-65475 

45^7  H^^^^ 
45183-65495 
45,53.65504 

452o|3-655H 

45*^H55*3 

45223-65533 

4523S-$5543 

45243-65552 
45^53-05502 


45263-6557< 
45273-65581 

45283-6559* 
45293-65600 

4^303.65610 

45315-65619 
45323-65629 

453,3  3-65639 
45343-65648 
45353.65658 


4536 

4537 
4538 

45393 
45403 

454*3 
45423 

4543  3 

4544  3 


.65667 
.65677 
.65686 
.65696 
.65706 

.65715 

65725 
•65734 
•65744 
•657«;3 


N 


4546  J 

4547 
4548 


45493 
45503 


455» 
455213 
4553  3 
4554B 
4555 


,  -65763 

3-65773 
3.65782 

.65792 

.65801 

3.6581 1 
.65820 
.65830 

-65839 
3.65849 


45563 


4557 

45583 

4559 


45603 


23 


4561 

456 

4563 

45643 

4565 


4573 


4575 


l^ 


itr- 


.65858 
3.65868 
3.65877 
3.65887 

.65896 


3.65906 

.65916 

3.65925 

,   65935 
3-65944 


456613.65954 
45673.65963 

4568  3f5973 
45693.65982 

4570  365992 


45713.66001 
4572  3.6601 1 


3.66020 


4574  3-66030 


3.66039 


45763.66049 
45773.66058 
45^783.66068 
49793.66077 
45803.66087 


4581 

458^ 
4583 


458? 


4586 

4587 


3.66096 
3.66106 
3.661 1 5 


45843.66124 


3.66134 


3.66143 
3.66153 


45883.66162 
4589^.66172 
459013.00181 


N. 


45963 

45973 

4598  J 

45593 
46003 


Logar. 


4591I3 .66191 
45923.66200 
45933-66210 
45943.66219 
45953-66229 


;  .6623  8 
.66247 
.66257 
1.66266 
;.  66276 


4601 

4602 

4603 

4604(3 

4605 


46063 
)075 


46 
460 
4609(3 
46* 


83 


461 1 
4612 
4613 
4614 
461 


03 


3.66285 
3  66295 
3.66304 
•66314 
3.66323 

66332 
.66342 
.66351 
66361 
66370 


53 


3.66380 
366389 
3.66398 
3.66408 
.66417 


46163.664^7 
4617  3.66436 
46183.66445 
46193.66455 


4620 


46213.66474 
46223.66483 
46233.66492 
46243.66502 
46253,66511 


63 


462 

4627 
462 

4629I3 
4630 


4631 
4632 
4633 

4634I3 

1^ 


3.66464 


8j 


.66521 
3  66530 

•66539 
.66549 

3.66558 


d  2 


3.66567 
3.66577 
3.66586 
.66596 
"?'666o? 


46366.66614 
46373-66624 
46383.66633 
46393.66642 
46403.66652 

4641 3,66661 
46423.66671 
4643  3.66680 
46443.66689 
4645I3.66699 


46463.66708 
46473.667^7 
46483.66727 
46493.66736 
46503.66745 

46513.66775 
46523.66764 
46533-66773 
46543.66783 
46553.66792 


46563.66801 

46573-66811 

46583.66820, 

46593.66829 

46003.66839 


46613.66848 

4662  3.66857 

4663  3.66867 
46643.66876 
46653.66885 

46663.66894 
46673.66904 
46683.66913 
46693.66922 
46703.66931 

4671  3.66941 
46723.6695-0 
46733.66960 
46743.66969 
467513^66978 


46763.66987 
4677  3.66997 
46783.67006 

;4679  3-67015 

468013.6702^1 


2881 


as 


A  Table  of  Logarithms. 


N. 


4.681 
4.682 
4.683 
4684 
4685 


46863 

4687 
46883 

4689 

469c 


23 


4691 

469 

4693 

46943 

4695 


3-67127 

.67136 

3.67145 

3  67 I 64 


.67173 
3.67182 
•671 91 
.67201 
470013.67210 


46963 

4-697 
4698  3 

46993 


4701 
4702 

4-703 
+704 

4-70f; 


+7063 
47073 

470«3 
47093 
+7«o|3 


47  > 
4712 

47»3 
4714 
47 « 


47« 

4717 
4718 

4719 

47203 


472 
4722 

4723 

4724 


Logar, 


3.67034 
3.67043 
3.67052 
3.67062 
$.67071 


.67080 
3.67090 

.67099 
3.67108 
3.67117 


3-67219 
3.67228 
3.67238 
3.67247 
3.67256 


;.67265 
1.67274 
1.67284 
1.67293 
1.67302 


13 


55 


.673 1 1 
3.67321 
3.67330 

3-67339 

.67348 


63 


•67357 
3.67367 

3.67376 

3.67385 

.67394 


3.67403 

3-67413 
3.67422 

3.67431 


N. 


Logar^ 


47263.67449 
47*367459 

47293.67477 
47303.67486 


473 » 3-67495 
47323.67504 
47333-67514 
4734367523 

47353:67532 
3.67541 
3.67550 
3.67560 


4746 
4747 
4748 


4756 

4757 
4758 


4736 

4737 

4738        _ 
47393.67569 

47433-67578 

474^ 
474^ 
4743 
4744 
4745 


3.67587 
3.67596 
367605 
3.67614 
3.67624 


3.67633 
3.67642 
3.67651 


47493.67660 
47503.67669 


475"  3.^679 
47523.67688 
47533.67697 
4754367706 

47553-67715 


47593-67752 


4760 


47S 
4762 

4763 
4764 
4765 


4766(3 

4767 
476^ 

47693 
4770 


3.67724 

3  67733 
3.67742 


367761 


3.67770 
3.67779 
3.67788 
3.67797 
3.67806 


67815 
3.67825 
3.67834 

.67843 
3.678«;2 


N. 


4771  3.67861 
47723.67870 

4773  3-67879 
47743.67888 

4775  3-67897 
47763.67906 
47773-67916 
47783-67925 

47793-67934 
4780I3. 67943 


4781 
4782 

4783 

478413 

4785 


47863 


4787 
4788 

47893 
47903 


47963 


4801 

4802 

48033 

48043 

4805 


Logar. 


3-67952 
3-67961 
3.67970 
.67979 
3.67988 


.67997 

3.68006 

3.68015 

.68024 

.68034 


4791  3-68043 
47923.68052 
4793  368061 
47943-68076 
4795368079 


.68088 
479713-68097 

.68106 
4799|3-68n5 
48003.68^24 


3.68133 

3.68142 

.68151 

.68160 

3.68169 


63 


480 

4807 

4808 

4809I3 

481 


481 1 
4812 

4813 
4814 

481  s 


03 


.68178 

3.68187 

3  68196 

.68205 

.68215 


3.63224 
3.68233 
3.68242 
3.68251 
3.68260 


mm 


N. 


Logar, 


4:81 
4817 
4818 
4819 


63 


48203 


.68269 
3,-68278 
3.68287 
3.68296 

.68305 


4821 
4822 
48 

4824J3 
4825  3 


^233 


3.68314 

3-68323 

.68332 

.68341 

.68350 


48263 

4827 

482 

482913 

4830 


83 


68359 
3.68368 

.68377 

.68386 

3.68395 


4831 
483  2J3 
48333 

48343 


4835 

48363 

4837 

4838 

48393 
4840 


3.68404 
.68413 
.68422 
.68431 

3.68440 


.68449 
3-684i;8 
3.68467 

.68476 
3.68485 


4841 
4842 

484 
484 
48456 


33 

4«3 


48463 

484.7 

48483 

484^3 
485 


3.68494 

3.68502 

.68511 

.68520 

.685^ 


03 


3.68547 
.68556 
.68565 
.68574 


4851 

485 
485313 


23 


3.6858$ 
.68592 
.68601 
.68610 


4854  3   ^ 
48553^8619 


48563.68628 


4857 


3.68637 


48583.68646 


4859 


3.68655 


4860I3.6866 


«004 
4^ 


A  Table  of  Logarithms. 


Z9 


4871 
4872 

4873 

487413 

4875 


4876 

4877 
4878 

48793 

4^80 


3.6876; 
3-6877 

3-6878L 
3.68789 
3.68797 


4881 
48S2 

48833 
4884 

4885 


3.68806 
3.68815 
3.68824 
3.68833 
3.68842 


4886 
4887 
4888 
4889 
4890 


4891 
4892 

4893 
4894 
4895 


4896 

4897 
4898 

4899 

4900 


4901 
4902 
4903 
4904 

mi 


I 


I 

;o 


3.6885- 
3.68860 
3.68869 
3.68878 
3.68886 


$.68895 
.68904 
.68913 

.68922 
.68891 


3 


} 
3 
3 
3 

3 


.68940 
.68949 
.68958 
.68966 
6897  s 


3.68984 
-.68993 

.69" 
,69 
^.69. 


1002 

lOll 

1020 


3.69028 
3.69037 

3"       '^ 
3 


k 


.69046 

.69055 


nr: 


Wl 


49063.69073 

4907  3.69082 

4908  3.6909c 

4909  3.69099 
4910I3.6910& 


4911 
4912 

49»3 
49  H 
49»5 


63 


491 

49»7 
4918 

4919 
49^03 


4921 
4922 
4923 
4924 

4925 


49263 


4927 
4928 
4929 

4930 


493  > 

4932 
4933 
4934 

4935 


4936 
4937 

4938 

4939 
4940 


494* 

494^ 

4943 

494413 

4945 

4946I3 

4947 
4948 

4949 


L^ar, 


3.69117 
3.69126 
3.69135 
3.69144 
3.69152 


.69161 
3.69170 
3.69179 
3.69188 

■69197 
3.69205 
3.69214 
3.69223 
3.69232. 
3-69241 


.69249 
369258 
3.69267 
3.69276 
3.69285 


3.69294 
^69302 
3.69311 
3.69320 
3.69329 


3.69338 
3.69346 

3-69355 
3.69364 

3.69373 


3.69381 
3.69390 
3.69399 
.69408 
3.69417 

69425 

3.69434 

369443 
3.69452 

.69461 


M 


495 « 369469 
49523.69478 

4953  3-69487 

4954  3.69496 
49553.69504 


495<^ 
4957 
49583 

4959 

4960 


49703 


4971 

49723 

4973 

4974 

4975 


49763 


49773 
4978 

497913 
498 


4981 
4982 

4983 

4984|3 
4985 


Logar. 


3.69513 

3.69522 

.69531 

3.69539 

3.69548 


3.69557 
3.69566 

369574 

69^83 

3^69592 

3.69  6cfi 
3.69609 
3.69618 

.69636 


3.69644 
.69653 
3.69662 
3.60671 
3.69679 


03 


.69688 

.69697 

3.69705 

•69714 
.69723 


3.69732 
3.69740 
3,69749 

69758 
3^69767 


49863.69775 


4987 


4988  3.6979a 
49893.69801 
49903.69810 


4991 


4993 

4994 


369784 


3.69819 


4992  3.69827 


3.69836 
3.69845 


N.  {  Logar. 

3.69862 
3.69871 
3.69880 


499<^ 
4997 
4998 

49993-69888 


50003.69897 


5601  3.69906 
50023.69914 


5003 


50043.69932 


5605 


50063.69949 
50073.69958 

5008  3.6996^ 

5009  3.69975 
5oi€  3.69984 

5011 
5012 

5013 

5oin 
5oif 


5016 
5017 
5018 
5019 


50203 


5021 
5022 
5023 


5025 


5035 


3.69923 


3.6994c 


3.69992 
3.70001 
3.700XC 
.70018 
3.70027 


3.7003^ 
3.70044 
3.70053 

3.70062 

7007c 


70079 
79088 
3.70096 


50243.70105 


3-70114 


50263.70122 

370131 
3.70140 

3.70148 
370J57 

3.70165 
3.70174 
3.70183 
50343.70191 


3.70200 


5036  3.70209 


5037 
5038 

5039 

^040 


3.70217 
5.70226 
3.70234 
3.70243 


5041 


30 
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Ligar. 


504. 3.70252 

5042  3.70260 

5043  3.70269 

5044  3.70278 
504  (?  3.70286 

5046  3.7029s 

5047  3-70303 
50483.70512 

50493.70321 

50503.70329 

505i  J.70338 
50523.70346 

5053?. 70355 
5054  3-70364 
50;;  3.70272 

Jose  3.70381 

50573.70389 
5058  3.70^98 

50593,70406 

506c  3.7041 5 

5061  J.70424 
50623.704^2 
$063  3.70441 

5064  3.70449 

5065  3.70458 

50663.70466 

5067  3.70475 

5068  3.70484 
50693.70492 
507oh.7o^Of 

50713.70509 
50723.70518 

50733-70$*^ 
50743.70535 

5075370544 
50763.70552 
50773.70561 
50783.70569 
50793.70578 
50803.70586 

$0813.70595 
5082  3.70603 
50833.70612 
50843.70621 
508513-70629 


M 


863 


873 


70638 
.70646 
088k  7065  5 
089  3.70663 
090370672 


091  370680 

092  370689 

093  J.70697 

094  370706 
095370714 


0963.70723 

370731 
70740 

70749 
00^70757 


097 
0983 

0993 


Ji 


01 

02h 

033 
043 

05 


063 

073 
083 

093 


i03 


11 
t 

n 


I 


l6 
1 

18 
I 


20|3 


L$gar, 


3.707^6 

70783 

70791 

3.70800 

.70808 
.70817 
70825 
.70834 
.70842 


23 


570851 
70859 
3.70868 

370876 
70885 


53 


73 


9Z 


3.70893 
70902 

3.70910 
70919 
70927 


21 


223 

233 
*4|3 

2*) 


370935 

70944 
70952 

70961 

3.70969 


263 


27 

28|3 

293 


30 


70978 
J.70986 

70995 
71003 

1012 


37 


iV. 


31 
32 

33 


323 


3.71020 
.71028 

37»037 
34371046 

35371054 


3637106^ 
37371071 
38371079 
393.71088 
40371096 


41 

4* 

43 

44 

453 


371105 

.71113 

3.71122 

3.71130 

71159 


61 
62 

63 

64b 
653 


66 

68 
69 
70 


*9gar. 


3-7^^73 
371282 

371290 

71299 

71 307 


371315 

71324 

371332 

371341 
3.71349 


71 
72 
7313 

74 
75 


371357 
371366 

71374 
371383 
371391 


198 
199 


200^.7 


201 

202 
203 


2043 


205 


206 
207 
208 
209 


210|3 

2l7 
212 
213 
214 
Zt 


21 

217 

21 

219 


2201^7 


19637 
^9737 


37 
37 


37 
37 
57 
7 


37 


37 
37 
37 

;7 

7 


53 


37 
37 
3-7 

37 
7 


63 


85 


7 

37 
7 
37 


567 

575 
584 
592 
600 


609 
617 
625 

634 

642 

650 
659 
667 
675 
684 


692 

70G 

70^ 
717 
725 


734 
742 

750 
759 

5221 


37«775 
3.71784 
.  .3-71792 
;ii4  3.7i$oo 
;  21 5  371809 
jzzfi  3.71817 
52273.71815 
52283.71834 
S229  3.71542 
f23c  J71850 


^  r<*Zf  <f  Logarithm: 


1L 

S3S«  3~ 
S3S7 
S3SB 
S3S9  3' 

5361 

"a  - 
;)6j  9, 

«64  3' 

5366  r 

S367J. 
5368  3 
53693 

S3  7°  3 

S37'r 

S?7aj' 

S373 

W74  3. 

5J7S3- 

5J77]3' 
5378 
5379. 
S380  3; 

538i'3 

SS84^3 

5_385^3' 

?38SJ! 

5387:3  ■ 

53883. 

S3  8913  ■ 

539?3; 

S39'J 

539: 

S393i3' 

5394^ 


7389Z 

72900 

■7290a 

l^9tj 

7*9*5 

7*933 

72941 

7*949 

72957 

72965 

■7*973 

72981 

73989 

2*997 

■730^2 

.73014  . 

.7302a    . 

.73030 

73038 

■7304^ 
,  73054 
37306a 

■7307c 

73078 

7W83 

■73094 

73"ol 

■73111 

73127 
73135 
7314s 
7^151 
ZL'i5 
.73167 
7317s 
■73183 

7319" 

7,3299 
73207 
■7J21J 

73*23 
73231 


52323.71867 
52333.71875 


!236j.7i9oo 
;237  37'9o8 
f*3a3-7'9'7 
52393.71925 


525: 


571983 
37'99" 


3.72024 


52523-7203; 
52533.7204,1 
52543-72049 
5*5537*057 
S25tf3.7*o6tf 
525^3.72074 
525813.72082 
5259  3-72090 
:260|3. 72099 
5261 


5262 

5263 


3^72i07 
3.72115 
372'*3 


3-72 148 
.  .  3  7*156 
526S  3-7*165 
5269  3-7*'73 
527537*181 
52713-72189 
52753.72198 

5273  37*206 

5274  372114 
52753.7222; 


52763,72230 


5*77 


3.72239 


S27S3.7. 
52793.72155 
528c  3.72263 


3-7227* 
372280 
3.72288 
3.72296 
3-72305 


52S6  3.72313 

52873.723*1 
""  .723*9 
5*893-72337 
5290  3-7*34'5 


.  ,  372354 
52923.7*36* 
5293  372370 
5*94  3-7237B 


3-7*387 


3.72395 
3  ■7*403 
372411 
?-724'9 

5300  3.72428 


37*436 

3-72444 

..  -17HS2 

5304  3-7*460 

5305  37*469 

3-72477 
3.72485 
37*493 
372501 


UiocI 


5401 
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I 


ir(L 


ogar. 


54013.73*47 
54023.7325s 

S403(3-7'3264 

54043.73272 

54053.732^0 


4063.73288 
5407373296 

54083.73304 
5409  3.73  Ji  2 

54Io'3^7332o 


54"!373328 
54»  2:373336 

5413(373344 
5414.373352 
54i5!37356o 

541(537336^^ 
S417373376 

15418373384 

54>9  37339« 
5420379400 


5421 
5422 

54*3 
54241 
5425 


3(73408 
373416 

373424* 
373432 

373440 


5426373448 
5427^373456 

5428373464 
5429373472 
5430373480 

373488 


5431 
5432 

5433 


373496 

373504 
54341373512 


5435 


5441 
5442 

5443 
544413 

5^S 


373520 


543637352^ 
5437373536 

5438373544 
5439373552 
5440373560 


73568 
373576 

73584 

73592 
3.7^600 


N. 


5446  373608 
5447373616 

5448  373624 

5449  373632 
5450I373640 


545  J 
5452 

5453 
5454^ 
5455 


5456 
5457 


5459 


Logar, 


37S&48 
3736^6 

373664 
375672 
373679 


373687 
373695 


5458  373703 


3737»« 


5460  3737.'  9 
5461 373727 
5462973735 
5463  373743 
546437375* 
5465373759 

546«373767 

5467^373775 

546ffl373783 
5469373791 

54701373799 

5471 

5472 

5473 
5474J 
5475 
547^ 


373807 

373815 
373823 

373830 

373838 

.   .   T7r846 

5477373854 
5478373862 

54791373870 
54801273878 

5481373886 

5482373894 

5483  373902 

5484  373909 
5485373918 


5486  373926 

5487  373934 
5488373941 

5489373949 
5490137^957' 


N»     Logar, 

54913^7396? 
5492373973 
5493  373981 
54943-73989 

5495'373997 

549637400$ 

5497374013 
5498374020 

5499374^28 

5500374036 


5501 


5502374052 


5503 


374044 


3.74060 


5504374068 

5505374076 

5506374084 

5507374092 

5508374099 
55093.74107 

5510374115 


5511 
5512 

55«3 
5514 
55*5 


374123 
374«3i 
374139 
374147 
374156 


55163.74162 

5517574170 
55183.74178 
55 19  3.74186 
55203.74194 

374202 
374210 
374218 

374225 


"^p^ 


5521 
5522 
5523 
5524 
5525(374233 


5526 

5527 
5528 

5529 


3.74241 

374249 
374257 
3.74265 


5530374273 


5531 
5532 

5533 

5534 


3.74^80 

3.74288 

374296 

374304 
374^2 


N. 


5536 


Bogar* 


374320 


5537374327 
5538374331 
5539374343 
554o!37435» 


5541374359 
5542J374367 

5543|374374 
5544374382 

55451374390 

5546374398 
5547|374406 

5548;3744M 
5549.374421 

55  50*374429 

555»i374437 
5552^74445 
5553374453 
5554374461 


5555 


5556 
5558 


37446S 


374476 
374484 
374492 


5559374500 


5560 

5561 
5562 

5563 
5564 
5565 


5566 

5567 
5568 

5569 


55703 


5S7» 
5572 

5573 
5574] 
5575 


55763 


5577 
5578 

55793 
^580 


374507 


374515 
3745231 
37453X 
374539 
374547 


374554 
374562 

274570 
374578 
74586 


374593 
3-74601 

374609 

374617 
374624 


74632 

3.74640 

37464 

7465  , 
974661! 


5581 


i 


ATi^le  if  Logarithms.  3j 
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N-  \Logar. 
376050 


5761 
576Z 

5764 
5765 
5766 

S768 
S769 


3-76057 
3.76065 
3-76072 
3.76080 

3.76087 
1-76095 
376103 

376110 


577<?l3-76ii8 


5771376125 
5772376133 
5^73376140 

5774376148 
5775^76l55 


} 


5 


5776376163 

)7773-76«70 
$778376178 

5779376185 

57S0976193 


J751  376200 
578237^208 

J  783  3762  J  5 
784376223 

785J3. 76230 


5766376238 

57873-76^5 
57^8,376?53 

5789376260 

5790376268 


7913-76*75 
792376283 
57933-76290 
5794376298 
5795?76305 

<796j3-763*i3 
57971376320 

579^-76328 

579rf376385 
58ooi3.76343 


5801(3763^0 


5802 
5^03 


3-76358 
376365 


5804376373 
580^376380 


TT 


8063 

8073 
8083 

8093 

8103 


,0£ar 


811 
812I 
8,3 

814 
815 


Si 

817 

818 

81 

8 


63 


93 


203 


821 

822 

8233 

824B 
825 


826 

82^ 

8293 

8303 


23 


83 

833 

834|3 

Hi 
836 
837 


8363 


838I3 
839 

840 


8-41 
842 
843 

844I3 
845 


^46 } 


847 
848 

849 

850 


763^8 
76395 
76403 
76410 
76418 


376425 

376433 
376440 

376448 
376455 


76462 
376470 

3-76477 
76485 

.76492 


376500 

376507 

76515 

76522 

376530 


376537 
3-76545 
376552 

•76559 
76567 


376574 

76582 

376589 

,  76597 
3.76604 


r766i2 

3.76619 

76626 

376^34 
376641 


376649 

376656 
3.7666^4 

.76671 
3.76678 


.76686 
376693 

376701 

376708 


N.  .Logar. 


85M376723 
8:)2!37673o 
8S3'3-76738 
854I3.7674S 
85s  376753 


8563.76766 
8573-76768 

8583-76775 
859376782 

8601376790 


8613.76797 
862  376805 
8633.76812 
B64  376819 
865376827 


866376834 

867  3.76842 

868  3.76849 

869  J.76856 
870376864 


871  3-76871 

872  376879 
873376886 
874  3.76893 
^75  376901 


876376908 

877376916 
8783.76923 

8793-76930 
8^0^76938 

2^(3-76945 
8823.76953 

883  3.76960 

884376967 

885I376975 


886'3.76982 
887I376989 

8883.76997 
889^.77004 
89q3.770i2 


8^:  3.7'?6i9 
59^^77926 
893  $-77034 
.894  37704* 
589^1377948 


K 


58963 

5897 
58983 

5^99 
59^0 


5901 
590^ 
5903 


L0gax:..Y 

77056 
377063 

77070 
377P78 
J77085 


3-77093 
3-77<P<^ 
377107 


5904377115 
59053-77122 

5906377129 


5907 


5908377144 


5909 


377137 


377151 


59103.77159 


59113-77166 

591237717^ 
5913377181 
5914*377188 

5915377195 


59i6'3-77203 
5917377210 
5918377218 
5919377225 
5920I377232 

3.77240 

377247 
377254 


5921 

5922 

5923 

5924J377262 

5925377269 

5926J3.77276 
5927I3-77283 
5928J3.77291 

5929I377298 
59303.7730$ 


593 » 37  73 '3 
5932377320 

5933'377327 

5934(377335 
5935!377342 


5936 


377341 


S9?7  377357, 
S9J8  3.7736 
59393773711 
594c|p7^79l 
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K 


;94' 
;942 

1943 
1944 


1945  3 


;946 

;947 
;948 

1949 
19^0 

;95i 
1952 
;953 
I954J3 


;95'> 


i95<^ 

?957 
;958 

1959 
1960 


1961 
[962 
1963 

1964 

;9^5 


1966 

;9$7 
1968 

1969 


;97o  \ 


197' 
;972 
f973 
1974 

197 «; 


[976 

1977 

;98o 


;9bi 
19B2 

1983 


£2 


/rr. 


3.77386 

3-77393 

3.77401 

3.77408 

77415 


3.77422 

3-77430 
^77437 
?•  77444 

;-7745^ 


3-7745? 
3.77466 

J -77474 
77481 

377488 

3-77495 
77503 
377510 

377517 
3-77525 


3-77532 

•77539 
3.77546 

3-77554 

3.77561 


3.77568 

3-77576 

5-77583 
3.77590 

77597 


3.77605 
3.77612 
3.77619 
3.77627 

3-77634 


3.77641 
3.77648 
5.77656 
3.77663 
3.77670 


3-77677 
3-77685 
3.77692 

•77699 


N, 


5986|3 

5987 
5988 

5989 

5990 


599' 
5992 

5993 
5994 
5995 


3-77750 

l'777'i7 
3-77764 
3-77772 
377779 


5996|3 

5997 

5998 

5999 
600c 


12 


600 

6do 

6003(3 

6004 

6305 

6006 
6007 
6008 
6009 
6010 


601 1 
6012 
6013 
6014 
6015 


6016 
60 1 7 
6018 
6019 
6020 


602i 

6022 
6023 
6024)3 
602 

6C20 

6027 
6028 
6029 
603 


Logar. 


77714 
3.77721 

3-77728 

3-77735 
3-77743 


.77786 

377793 
377801 

377808 
3778^ 


3.77822 

377830 

-77837 
3.77844 

377851 
3.77859 
3.77866 

3-77873 
3.778S0 

3-77887 


3-77895 
3.77902 

3.77909 

3.77916 

3.77924 


377931 
377938 

377945 

377952 
'3.77960 


779^^7 
3- 77974-, 
377981 

-77989 
3-77^96 


3.76C03 
3.7801;^ 
3.78017 
3.78025 
3.78032 


N, 


6031 
6032 

603313 
6034 

603  s 


6036 
6037 
6038 

6039 
604c 

6041 
6042 
6043 
6044 
6045 


6046I3 

6047 
60483 

6049 

6050 


6051 
6052 
6053 

6054 
605  s 


6056 

6057 
6058 

6059I3 


60603 


606 

606 

6063 

6064 

6065 


600c 
6067 
6068 
606c, 
607c 


6071 
6072 
6073 
6o7<^ 
6^1^ 


Logar. 


3.78039 
3.78046 

78053 
3.78061 

3.78068 


60763.78362 


3-78075 
3.78082 
3.78089 

378097 
3.78104 


3.7biio 
378118 
3.78125 

3.78132 

3.78140 


7^147 
3-78154 

78161 
378168 
378176 


3.78183 
3.78190 

78197 
.78204 

3.78211 


3.78219 

3.78226 

78233 

78240 

78247 


7^254 
3.78262 
3.78269 
3.78276 
3.78283 


.78290 
.78297 
.78305 
.78312 
.78319 


.7832b 

78333 
.78340 

7^^347 


6077 
6078 


37836s 
3.78376 


60793.78383 
608c  3.7839c 


60b  1 
6082 
6083 


378398 
3.78405 
3.78412 


6084  3.78419 


6085 

608^^ 
6087 
6oSh 
6089 
609c 

6091 

6092 

6093 

6094 
609  s 

6:>9C 

609; 
609 1 
6099 
6ioc 

6 


6 
6 
6] 

1 
6] 

61 

6] 

6 

6 

6 

6! 

6 
6 
(y 

6 
61 
61 
6 
61 


01 
02 

03 

04 

0'^ 
Ofc 
07 

Ob 

OS 
ic 

1 1 

12 

«4 

It) 
17 

IS 

19 

20 


«   2 


378426 

37H33 
3.78440 

3.78447 

^78455 
378462 

3.78469 
3.78476 
3.78483 

3.78490 
378497 

378505 
378512 

378519 
3-78553 
378^33 

3.78540 

78547 

3-78554 
3.78561 

378569 

3.78576 

378583 

3-78590 

78597 
378604 

3  7ij6n 
3.78618 
3.7862^ 

3-78633 

378640 

3. 76647 

378654 
3.78661 
3.78668 

3.78675 

6l2i 


36 
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6i2i|3.7S68z 
5122I3. 78689 


6 


5 


6 


5 


5 


6 

6 

6 
6 

6 
6 

6 


6 
6 

6 

6 


23 
24 

2"; 


3.78696 
78704 
78711 


263.78718 
273.7S725 
283.78732 

29^78739 
303.78746 


3» 

32 

33 

34- 

11 

3^ 
37 
3^ 

3> 

40 


4» 

42 

43 

44 

4S 


378753 
3.78760 

3.78767 

378774 
3.78781 


37^7^9 
3.78796 

378803 

3.78810 

3.78817 


3.78824 
7883gh 
37^8838 

3.78845 
3.7881^2 


46 

47 
48 

49 


3.75859 
378866 

78873 
378880 


52 
53 


i?c[3.78888 

5'l37»»95 
378902 

3.78909 

54I378916 

59:3.78923 

56J3.78930 

571378937 
58J3.78944 

59378951 
6o3.789<j8 


61  3.78965 
623.78972 

63378979 
643.78986 


N.  I  Lagar. 

616613.79000 

^^•^75  79007 
61683,79014 
6 1 69:3.7^02  iv 
6170*3,79029- 

6171(3.79036 


6172 
6173 


379043^ 

,  .    379050 
61743.79057 

017513790^4 


61763.79071 
61773.79078 
61783.790S5 

61793.79092 
61803.79099 


6181 
6182 

6183 


6185 


3.79106 

379113 
379120 


6184  3.79127 


37^134 


6186^379141 
618713.79148 

6188379155 
61893.7916:5 
61903.79169 


bi9i 

6192 

6193 
6194 


379  <76 

379183 
3.79190 

379197 


6i9;t3.79204 


6 1 963.792 1 1 


6197 
6198 
6199 


379218 
3.79225 
3.79232 


5^003.79239 

—    ■  I    i     l.i  '  !■ 

6201      3.79246 

620213.79253 

620313.79260 

6204 

620s 


79267 

79274 


6206 
6207 

62oS{3.79295 
62093.79302 

6Z90 


I 


ITTX 


6211 


62123.79323 


6213 


6214^79337 
62153.79344 


621 
"6217 

6218 

'621 


6i 


;62 


95 


203 


6221 

622 

6223 

622 

622 


i3 


43 


5^-79414 


6226 
6227 
6228 
6229 
62-^ 

6231 
6232 
6233 
6234 
623*) 


6236 

6237 

62383 

6239 

624c 


6241 
6242 
6243 

6244 
6245 


62469 

6247b 
0248 

6249 

6250 

6251 
6252 
625313 
6254 


3.79281   0251 379595 
3.79288   62523.79602 

.79609 
3.79616 


oj^ar. 


379316 


379330 


7935 » 
379558 

379365 
79372 

79379 


379386 

79393 
3.79400 

79407 


3.79421. 
3.79428 

379432 
379442 
379449 


379456 

379463 
3.79470 

379477 
3.79484 


3:79491 
379498 

79505 
3795 « 2 
3.79518 


^79525 
379532 
3.79539 
379546 
3725^ 

79560 

79567 
379574 
'379581 
^79588 


N., 


6256 
6257 


'6261 
6262 
6263 
6264 
6265 


37963( 
379637 


6258379644 

6259^79651 
62603.79657 


62663.79699 


6267 
6268 
6269 


62703.79727 


6271 
6272 
6273 

6274 

6275 


6276 

6z77 
6278^ 

6279 

6280 


6281 
6282 
6283 
6284 
6285 


6z86 
6287 
6288 
6289 
629c 


6291 
6292 
6293 

6294 
629^ 


629c 
6297 
629S 
6299 
6300 


3:79664 

379671 
379^78 
379685 

379692 


3.79706 

379713 
3.79720 


379734 
379741 
3-179748 

379754 
3.79761 


5.79768 

379775 
.79782 

579789 
379796 


3.79803 
379810 

379817 
379824 

^7983 1 


379837 
3.79844 

379851 
^79858 
79865 


W9872 

379879 
3798^6 

3,79893 
3.79900 


5.79906 
379913 
3.79920 
3.79927 

f799y4| 


6301 


•««■ 


A  TahU  of  Lfigarhhmf, 


N. 


6301 

63 

63 
6305 


023 
033 


6306 

6307 
5308 

S3O9 

6310 


6312 

631 

6314 

^3^9 


S3 


631613 

6317 

6318 

6319 

6320 


6321 
6322 

6323 
6324 

6325 


6326 
6327 
6328 
6329 
6330 


Lo^dr. 


3.79941 
.79948 

•79955 
.79962 

3.79968 


•7997S 
3.79982 

3.79989 

3.79996 

^80003 


3.80010 
3.80017 
.80024 
3.80030 
3.80037 


3 


.80044 
.80051 
.80058 
.80065 
.80072 

.80079 
.80085 
.80092 
.80099 
.80106 


3-80113 
3.80120 
80127 
3.B0134 
3.80T40 


63313.80147 
63323.80154 
63333.80161 
63343.80168 
6335|3-8or7(; 

63363.80182 
63373.80188 
63383.80195 
63393.80202 
63  4013. 80209 

63^ 
6342 

6343 


3.86216 

3.80223 

3.80229 

6344J3. 80236 

^634.7^8024^ 


N. 


634613.30250 

63473-80257 
034^^  3-^0264 
63493-80271 
635J3J0277 

6^5*  3.802^4 
63523.80291 
%53  3-80298 
63543-80305 
63553*803^^ 

63563  8031^ 
6357380325 
63583.80332 
63593.80359 
>  i  636G  3...80346 


6363 
6364 


63613:80353 
6362380359 


3.80366 

3-80375 


63653^80^30 


63663-80387 

63673-80393 
63683-80400 

63693-80407 

63703180414 

6371  3-80421 
63723-80428 
6373380434 
63743.80441 
6375J-80448 


63763-80455 
6377  3  80462 
63783-80468 
63793.80475 

63803-80482 


6381 
6382 

6383 
6384 

638«; 


6386 
6387 
6388 
6389 


.80489' 
3.80496 
3.80502 
3.80509' 
3.80^^6 


380523. 
3.80530 

3.80536 
3.80543 


N.  \  Ldgdr,  \ 

63911  3-80557 
6392380504 
63933-80570 

63943-5^577 
63953-80584 

6396J.&OJ91 
63973^80598 
63983.80604 
63993-80611 
64003.80618 


6401 3.^0625 
64023.8063  a 
64033.S0638 
64043.^0645 
64053.80652 


6406  3.^^0659 
64073.80665 
64083.80672 
64093.80679 
64103.80686 

641  i  P0693 
64123.80J399 

64*33.80706 
24*43.80713 

64' 5  3.80720 

64*63.80726 
64*73*80733 


6418 
6419 
6420 


6421 
6422 

6423 
6424 

.6425 


0426 

6427 
6428 

6429 

643c 

6431 
6432 
6433 

6434 

1^ 


3.80740 
3-80747 

3-80754 

3^80760 
3.80767 
3.80774 
3.80781 

3.80787 


3.80794 
3.80801' 
3.80808 
3.80814 
3.80821 


3.00^^28 
80835 
3.80841 
3.80848 
1.808  c  c 


N, 


6436  3.8o«62 

6437  3-8o868 
64383.8087J 
64393.80882 
64403.80885 

64?  3^8089- 
64423-80902 
6  H3  3  •8090c 
64443-8091^ 

64453-80922 


64463.00929 
64473.80936 
64483.80943 
6449  3.80949 
64503.80956 


6461  3.8 
64623.8 
64633.8 
64643.8 
6469  3.8 


64^)63.8 

6467  3.8 
64683.8 
64693.8 
6470  3.8 


Logan , , 


645*3-^09^3 
64523.80969 

64533.80976 

64543.80983 

6455  3.80900 


64563.00996 

64573-8 
645S3.8 

6459^.8 
6460  3.8 


6471 


64723.8 


6473 


64743.8 
647^^  >^ 


647013 

6477 

6478 

6479 

6480 


3-« 


3-S 


3.8 
3.8 

3.8 
3.8 


od3 

OiO 

017 

023 

G3C 

037 
043 

05c 

057 

076 

07: 
0S4 

09c 

lo- 
in 

*  '-' 

141' 

!C' j 


■j; 


3« 


A  Table  of  Logarithms, 


k 


T 


Logan 


481  3.81 164 
6482  3.81 171 
5483  3.81 178 
6484  3.81 184 
64853.81191 


6486  3.81 198 
64^73-81204 
64883.81211 
64893.81218 
64903.81224 

6491  3.812J? 
64923.81238 


6493 


6494  3.8 1 25 1 


6495 


64963.81265 
6497J.81271 
64983.81278 
64993.81285 
65003.81291 


043 


6501 
6502 

6503 

6505 

650611 

6507 

6508 


65093 


65 


3 

4J 


6S 


6520 


6521 

6522 

6523 

6524I3 

6^ 


3-81245 


3.81258 


3.81298 
3.81305 
3-81311 
.81318 
3.81325 


81331 

3.81338 
.81345 
.81351 

3.81358 


3,81365 

3-81371 
3.81378 

3.81385 

3-81391 


63 


7 
8 

93 


81398 
3.81405 
3.81411 

.81418 
3.81425 


81431 

3.81438 

81445 

81451 


N. 


Lagar, 


65263.81465 
65273.81471 
65283.81478 
65263.81485 
65303.81491 

653IJ-81498 
65323.81505 
6533  3.81 511 
65343-81518 

65353-^1525 

65363.81531 

^5373.-81538 
65383,81544 

65393.81551 
£5423.81558 

654«i:8r^4 

65423.81571 
65433.81578 
65443.81584 
65453.81591 


65460,598 
65473:81604 
65483.8161T 

65493.81618 
655Q  3.81 624 

65513.81631 
65523.81637 
65533.81644 
65543.81651 
65553.81657 

65563.81664 

65573-81671 

65583.81677 
65593.81684 
6560)3.81690 

6561 
656 


81697 

3.81704 
65633.81710 
65643.81717 

6565I3.81723 


656613.81750 

65673.81737 

65683.81743 
65693.81750 

6570^.81757 


Logar, 


N. 

657113.8 
65723.8 
6573  3.8 

6575  3£ 

.6576  3.8 

65773.8 

65783.8 

65793.818 

65803.8 


658113.8 


65823.8 
65833.81842 
65843.8,849 
65853-81856 


65863.81862 
65873.81869 
65883.81875 
65893.81882 
6590  3.81889 

6591)3.81895 


659 


3.8 


66 
661 
661 
661 


II 


661 


i 


65933.81908 
65943.81915 
65953.81921 


65963-81928 

65973.81935 
65983.81941 

65993.81948 
6000  3.81954 

6601 3.81961 
66023.81968 
66033.81974 
66043.81981 
66053.81987 


763 
770 
776 

783 


803 
809 
816 
823 


829 
836 


902 


3.81994 

3.82000 

3.82007 

^3.82014 

03.82020 


3,82027 
3.82033 
33.82040 
3.82046 
3.820<;3 


43 


N. 


L»g^' 


66163.8*060 

661 7  3. 8^^666 

661 8  3.82073  f 
66193.82079 
662013.82086 

6621 
6622 
6623 
6624 


3.82092 
3.82099 
3.82105  . 
3.82112$  f 
66253.82119 


66263.82125 
66273.82132 
66283.82138 
66293.82145 
66303.82151 


6(^31 
6632 
6633 

66346 
6635 


3.82158 
3.82104 
3.82171 
.82178 
3.82184 


6636 

6637 

6638 

66393 

66403 


3.82191 

382197 

3.82204 

.82210 

.82217 


6S41 
6642 
6643 

6644P 

6645 


3.82223 
3.82230 
3.82236 
.82243 
3.82250 


66463 
6647 

6648 

66493 

6650 


.82256 
3.82263 
3.82269 

.82270 
3.82282 


3.82289 
3.82295 
3.82302 
3.82308 
3^2315 

66563.82321 


6651 
6652 

6653 
6654 

6655 


6657 
6658 


3.82328 
3.82334 


66593.82341 
666c  3.823^ 


A  Table  of  Lcgarithmf, 


S9 


Logar, 


6661 
6662 


3-82354 
3.82360 

6663  3.82367 

6664I3. 82374 

.82380 


66653 


66663.82387 
66673.82393 
66683  82400 

6669  3.82406 
66703.82413 

66713.82419 
66723.82426 
'66733.82432 
6674  3,82439 
66753.82445 

66763.82452 
66773.82458' 
6678  3.82465 
66793.82471 
66803.82478 

)68i  3.82484 
1682  3.82491 
6683  3.82497 
66843.82504 
6685  J.82510 

66863.82517 
66873.82523 
66883.82530 
66893.82536 

6690  3.82543 

6691  3.8254^ 
66923.82556 

6693  3.82562 

6694  3.82569 
6695^.82575 

6696O2582 
66973.82588 
6698  J.82595 
66993.82601 
70QP'826o7 

701 3.82614 
7023.82620 
703  3.82627 
'7043.82633 
167.0  <;  3.82640 


N  I  Logar* 


6706I3.82646 
67073.82653 
6708  3.82659 


6709 
6710 


6711 
6712 
6713 
6714 
6715 


3.82666 
3.8267Z 


3.82679 
3.82685 
3.82692 
3:82698 
5.82705 


*J 


671 
6717 
671 
6719 

67a 

6721 
6722 
6723 

67  . 
6725 


63 


83 


03 


243 


3.82745 
3.82750 

3,82756 
.82703 
.82769 


67263 

6727 

672 

6729 

67303 


673' 
P732 


6737 
6738 


.82711 
3.82718 

.82724 
3.82730 

.82737 


83 


.82776 

3.8^782 

82789 

3.82795 

.82802 


3.82808 
3.82814 


6733  3.82821 

6734  3,82827 
6735J.82834 


67363.82840 


3.82847 
3.82853 


67393.82860 
67403.82866 


674> 
6742I3 

6743 
67443 


6745  3 


6746 

6747 

6748b 
6749(3 

675 


,82872 
.82879 
3.82885 
.82892 
.82898 


3.82905 

3.8291 1 

.82918 

.82924 

OB'829^0 


•** 


Logar. 

,  .  ^^937 
67523.82943 

67533-82950 
6754  3.82956 1 

67553.82963 


67563.82969 

6757382975 
67583.82982 

67593.82988 

67603.82995 


6761  3.83001 
67623.83008 
67633.83014 
67643.83020 

6765  3-83027 


67663.83033 
67673.83040 
67683.83046 
67693.83052 
67703.83059 


6771  3-83065 
677^3.83072 

67733.83078 
67743.83085 

^7753.83091 


6776(3.83097 
67775-83104 
6778  3.83  no 

677«-83ii7 
67803.83123 


6781 
6782 
6783 

6784 
6785 


67863.83161 


6787 


6789 


6791 
6792 

^793 


f  ^ ' 


^m 


3.83129 
3.83136 
3.83142 

3-83149 
3-83155 


3.83168 


67883.83174 


3.83181 


6790  3.83 1 87 


83193 
3.83200 
3.83206 


67943.83213 


3.83219 


N. 


Logar^ 


6796  83225 
6797383232 
67983.83238 
67996.83245 
680013.83251 


6801 
6802 
6803 


3.83257 

3.83264, 

3.83270 


68043.83276 


6805 


3-83283 


68063.83289 
6807  3. I3  296 
68083.83302 
68093.83308 
68103.83315 


6811 


3.83321 


68123.83327 


6813 


3.83334 


68143.83340 


6815 


3-83347 


68163.33353 

68173.83359 
68183.83366 

68193.83372 

68203.83378 

68213783385 

68223.83391 

68233.83398 

68243.83404 

68253.83410 

68263.83417 
68273,83423 
68283.83429 

68293.83436 
68303.83442 


6831 
6832 
6833 


3.83448 

3-83455 
3.83461 


68343.83468 


6835 


3-83474 


68363:83^^.80 
68373.83487 
68383.83493 
68393.8349 

684.o|:?.8^«:o6l 


*«> 


A  Ta^e  of  Log(t»ithms. 


N. 


6-!4i 

J843l3 
3845 

58475 

S84S 
5849 
S8503 


33518 

'^3525 

5-83531 
383537 


^Bsij3-i^3^5 
S8525.83582 

58S3  3.83SB8 

^8543-83594 
S855I3. 83601 


83544 
85550 

3-83556 

3-83563 
.83569 


6879 


Logar. 


S857  3-83613 
58583.83620 
S8C9  J.83626 

5£6o  3^3632 

6861 3-83639 
68623.83645 
68633-83651 
S864  3.83658 
6865^83664 

68663-83670 

S867  3-^3677 
58683-83683 

68693-83689 

68703-83696 


S87I 3-83702 
68723-83708 

68733.83715 

68743-837^' 
68753-83727 


68763-83734 
68773-83740 
^878383746 


3-83753 


>88c  3-83759 

3-837^5 

3-83771 

V83778 

3.83784 
88{;l3. 8379c 


N. 


6«9i|3 
6892 

6893 

6894I3 

6895 


65.87 
6^88 
6889 
'68go 


68963 


6897 
6S98[3 
68993 
690013 

6901 

6902 
6903 
6904 
69053 


^908 
6909 


6912 


6914 
6915 


6917 
6918 
6919 
6920 

6921 
6922 
6923 
6924 


Lozarr 


-«3797 
3-83.803 

3.^3809 

3.'83?ii6 

3.S3822 

S3S2S 
3.83835 
3-83841 

83847 

3-^3853 


83860 
3.83866 
.83872 
.83879 
.83885 

^3891 
3.83898 

3.^3904 
383910 

•83916 


6906  3*83923 

6907  3-*3929 


3-«393S 
3.83942 


69x0(^^3948 
6911 


3-83954 
3.83960 


69133.^3967 


3*83973 
3^3979 


69163-83986 


69253.84042 


3.53992 
3.83998 
3.B4004 
3.8401 1 

3.84017 
3.84023 
3.84029 
3.84036 


69263.84048 
69273.84055 
69283.84061 
69293.84067 

693ot3«84073t 


169363.84111 

69373-84117 
69383.84123 

69393-8j4I30 
69403.84136 


N:     Lffgar. 


69313.^080 
69323.84086 

69333-84092 
69343.94098 

69353:54105 


69413-^4142 
69423-84^8 

6943}»4i55 
69443.^4161 

6945  3-%»67 


69463-8^173 
65473.84180 
69483.814186 
69493-8.4192 
69503.84198 


695 1 3-*4^5 
69523-^42x1 

69533.^4217. 
69543-84223 

69553J4230 

69563.84236 

6957  3-84242 

6958  3-84248 '1 
69593.84255' 
69603-84261 


6961  3  84267 
69623-84273; 
6963  3-84280 
69643-84286' 
6965  3.84292 

69663.3429« 
69673-84305 
6968  3'843ii 

69693-84317 
69703-84323 


697'  3-84330 
69723.84336 

6973  3-84342 

6974  3-84348 
169753.84354 


6977 


'  Ctf^HT^ 


69763 


69783 

69793 

03 

ri 
23 


698 

698 
698 
6983 
6984I3 


84361 
3.84367 

-84373 

-84379 
.84386 


69853 


84392 

.84398 

3.84404 

.8441G 

.84417 


69863 


6987  J 

6988  J 
69893 


.8442J 
-8442s 

3-84435 
.84442 

.8444^ 


69903-8444^ 


69913 
69923 
69933 
69943 
69953 


84454 
.8446c 
.84466 

•84473 
.84479 


69963 


6997 
6998 

69993 

7000 


.844^5 
3.84491 

3-84497 
84504 

3.84510 


70013.8451 


% 


70C2 
7003 
7004] 
7005 


3-8452? 
3.84528 

3-84535 
3.84541 


7006  3. .84547 
70073.84553 

70083.84559 

70093.84566 

70103.84572 

701 1 3.84578 
70123.84584 
70133.84590 

70143-84597 
70153.84603 

70163.84609 


7017 
7018 
7019 
702c 


84615 
3.84621 
3^84628 

3-84634 
~7o3i 


>  •    '. 


ATdhk  of  Logarhhmi: 


^ 


ir. 


yozi 

702213 

70233 

70243 
70253 


{  Loga  r 
3.84640 


70263 

l^il  3 
70283 
70293 

7030I3 


7031 
7032 

7033 

^034i 
7035 


0363 


7041 
7042 

7043 

7044J3 

7045 

7046 

7047 

7048 

7049 

7650 


7051 

7052] 

7053 

7054|3 

7055 

7056 

7057 
^058 


7061 
7062 
7063, 
70643 


1.84646 
1.84652 
;. 84658 
184665 

1-84671 
1.84677 
1.84683 
^.84689 
;.  84690 


3:84:^02 
3.84708 
3.84714 
3:84720 
3.84726 


^4733 
3.84739 

3.S4745 

384751 

84757 


3.84763 
3.84770 
3.84776 
.84782 
3^84788 

3.84794 
3.84800 
3.84807 
3.84813 
3.84819 


3.84825 
3-84831 
3.84837 
.84844 
3.848^0 


3.84856 
3.84862 
3.84868 
705913.84874 
7060  3.84880 


3.-84887 

3.84893 

3.84899 

.84905 


70713.84948 
70723.84954 
70733.84960 

7074  3-84967 
70753.84973 


jy.  \Logdr. 

70663.84977 
70673.84924 
7068  3.84930 
706^3.84936 
7070  3.84942 


70763.84979 
70773.84985 
70783.84991 
70793,84997 
70803.8500 


7081  3.85009 

7082  3»850i6 
70833.85022 
7084385028 
70853.85034 

70863-85040 
70873-85046 

7088385052 
70893-85058 
709c  3-85065 

7091  3-85071 
7092385077 
70933.85083 
70943-85089 
709  c  385095 
70963.85101 

7097  3.85 
70983.85 
70993.85 
7100 ^8£ 

7101  3.85 
71023-85 

71033.85 

7104  3.85 
710.-  3.85 


71063.85 

71073.85 

71083.85; 

71093.85 

7ue||.8^ 


1 3.85193 
23-85199 
33.85205 
43.85211 

53-85217 


63.85224 
73.85230 
83-85236 
93.85242 
203-85248 


213-85254 
22385260 

233.85266 

24  3-852?2 
253-85278 


26385285 

^73-8S29« 

283-85297 
293.85303 

303.853^9 


313-85315 
323-85321 

333-85327 

343-85333 

3*;  3-85339 


363.85345 

373-85352 

385358 
3.85364 

385370 


3-85376 
.85382 

3.85388 

3-85394 
5,85400 


385406 
3-85412 
3.85418 
3.85425 
3-85411 

3-85437 
3.85443 

3.85449 

385455 
.85461 


^^.85467 

-85479 
•«548s 

.^5491 


7156 

7«57 
7158 

715 

'TIO 


93 
oj 


7162 

7' 
7> 


63  J 
64J 


6s  3 


3.85503 
,85560 
.85516 
.«5522 


71 
71 
7» 
71 
7» 


6?  J 
673 
663 


693 


TVS 

7?  3 


7» 

7.'7.2| 

71733 

7«743 

7>2S3 


3.85564 
.85570 

•85576 

mi 


.85528 
•f5JJ4 


71763-8558J 

717-73.8559^ 
71783^85600 
71793^560^ 
,71803^5612 

71813.8561I 


7184  3.8*5637 
71853.85643 


71863.85649 
71873.85655 

7188^.85661 

71893.85667 

719^3.85673 

719113.85679 
71923.85685 
7193  3.85691 
71943.85697 
71953.85703 


7196^3.85709 
71973.85715 
71983.85721 

71993-85727 

220CJ3..J5Z33 
7201 


0 


A  Table  of  Lugarithm* 


iV. 


7201 


7264 


t03  3 


3-85739 
85745 
857S» 


3'857S7 
^205  J.85753 


7206 

720 

720 

7209 

7210 


7211 
72x2 

7213P 

7ZI 

721  $|3 

72» 
7217 

921S 

7^*93 
7220  3 


7221 
7222 
7223 
7224P 

722 


Logar. 


3.85769 

•^5775 

3.8578* 
3-85783 
3.85794 


3.85800 

3.85806 

.85^12 

.85818 

■85824 

85830 

3-85836 

3.85842 

85848 

85854 

3.85860 

3.85866 

385872 

.85878 

.85884 


53 

72263.85890 
72273.85896 
7228385902 
72293.85908 
72303.85914 


7231 
723a 

7233 

723 

723 


72343 

il 
72363 


3.85920 
.85926 

3.85932 
.85938 
.85944 


24 

7242 

7243 
72^4 

d724- 


.85950 

7237p-85956 
723^3.85962 

72393-85968 
724c  3.85974 


3.2^5950 
3.^5986 
3.85992 
3.85998 

^6004. 


N, 


Logar. 


72463.86010 
72473.86016 
72483.86022 
7249  3.86028 
72503.815034 


I 


72513.86040 
72523.86046 
7253386052 
72543.86058 
72553.86064 

7256(3  86070 
72573.86076 
72583.86082 
72593.86083 
72603.86094 

7261  3.86100 
72623.86106 
72633.86112 
7264  3.861 18 
7265(3.'86i24 


72663.86130 
72673.86136 
72683.86141 
72693.86147 
72703.86153 


7271 

7272B 

72733 

72743 

72753 


7277 


3.86159 
.861 65 
.86171 
.86177 
.861 8| 


72763.86189 


3.86195 


72783.86201 
72793.86207 
72803. 86213 


72i<i 
7282 


72833.86231 
72843.86237 


7285 


7287 


72S9 
72qo 


86219 
3.86225 


3.86243 


72663.86249 


3.86255 


72883.86261 


3.86267 
^8627^; 


N. 


\  Lo^^r, 


7291  3.86279 
72923.86285 
72933.86291 
7194386297 
7295  3.86303 


7296  3.86308 
72973.86314 
72983.86320 
72993.86326 

7300 


7301  3.86338 
7302386344 
7303386350 
7304  3  863 
730513-86302 


7306  3.8t)368 

7307  3-86374 
73083.86380 
73093.86386 
73x03-86392 


^•8633: 


73113.86398 
73x23.86404 
73133.86410 
7314  3.86416 
73153.86421 


7316  3. 86427 
73173.86433 
73183.86439 
73193.86445 
73203.86451 

73213.86457 
73223.86463 
73233.86469 
73243.86475 
73253^6481 


73263.86487 
73273.86493 
73283.86499 
73293.86504 
73303.86510 


73313.86516 
7332  3.'86522 

73333.86528 
73343-86534 
73^i;j.86^io/ 


N. 


73363 


Logar, 


86546 
733713-86552 

3.86558 
7339386564 
734c  3.86570 


f 


734' 
7342|3 

7343 

734413 

7345 


86605 
3.8661 1 
3.86617 
7349  3^86623 
73503.86629 


73463 

7347 

7348 


735>3 


7352|3 
7353 
7354p 
73553 


73563 


7357 
7358I3 

7359 
7360 


3.86576 
.86581 

3.86587 
.86593 

3.86599 


.86635 
.86641 
3.86646 
.86652 
.86658 


93 


.86664 

3.86670 

.86676 

.86682 

3.86688 


7361  3.86694 
73623.8670c 
73633.86705 
73643.86711 
7365386717 

73663.86723 
73673.86729 
73683-86735 
73693.86741 
7370  3.86747 


737» 
7372 

7373 


3-86753 
3.86759 
3.86764 


73743-86770" 
73753.86776 


7377 


7379 
738c 


73763.86782 


3.8678^ 


73783.86794 


3.86800 
;. 86806 

7S«i 


'A  Table  of  Logarithms. 


4i 


fm^m 


7381 

tsSz 

73-83 
^385 


3.^6812 
3.86817 
3.86823 
3.86829 

3 '8683^ 

738613-8684 


^^387 
7388 

^389 

7390 


739> 


73923-86876 


7393 

7394|3 

7395 


7397 
7398 


7401 
7402 

74<^3 


74<>5 


Logi^r. 


3.86847 
86853 
3.86859 
3.86864 


3.86870 


3.86882 

.86888 

3.86894 


73963-86900 


3.86906 
3.8691 1 


73993.86917 
7400  3-80923 


3,86929 
3.86935 
3.86941 


74043.86947 


3.86953 


74063-86958 
74073.86964 
7408  3.86970 
7409386976 
74103.86982 

74113.86988 
74123.86994 
74133.86999 
74143.87005 
741 5  3.8701 1 


74163.87017 
74173.87023 
74>  8 1.87029 
74193.87035 
74203.87040 


7421 3.87046 
74223.87052 
7423  3.87058 
74243.87064 

7425b-87070 


N.  \ltOgar» 

7426  3.»7p75 
74273-87081 
7428  3. 87087 

74293-87093 
7430(3.87099 


7447^ 


744^3 

7449^ 

74;c 

745' 
745  2p 
74S3J3 
7454 

74'? 


74563 

74573 
7458  3 

74593 

7460 


74^ 
7462J3 

7463 
7464 

7461 


.87204 

.87210 

3^87216 

3.87221 
.87227 
.87233 

3-87239 
^7245 

787251 
.87256 
.87262 
f87268 

3-87274 


51:! 


3*87280 
.87286 
3.87291 
3.87297 
3.87303 


74663.8^309 
74673.87315 
74683.87320 
74693.87326 


^Tf. 


7^7^ 
7^72\i 

7473 
7474 
747SJ3 


^.87338 

87344 
3.87350 

3-87355 
.87361 


747^ 
7477 
747^ 

7479 
7480 

7481 
748213 

7483  3 
7484 

7485 
74833 


^4871 

7488  3 

7489  3 
7490 


To^^ 


3-87367 
3.873.73 

3-87379 
3.87384 

3-87390 

3.87396 
.87402 

.87408 
3.87413 
3.87419 


87425 

3.874i» 

•87437 
•87442 

3-87448 


7491B.87454 
749^2  3.87460 

7493  3.87466 

7494  3-87471 
749^  3;87477 

749^  ^87483 

7497  J'8748$ 

7498  3-87495 
74993-87500 
75003.87506 

75or  3.875*2 
75023.87518 

7503387523 
7504  3*87529 
7SP5  3.87535 


75063.87541 

7507  3r87547 

75083.87552 
75093.87558 

75103.87564 


75*' 
7512 

75» 

75H 

131 


33 


t  z 


22 


3-87570 
3.87576 

.87581 

3.87587 

87  <?^^ 


//. 


L^gar, 


7516387599 


7517 


3-87604 


75183.8761c 


75'9 


387616 


75203.87622 


3,87628 
3.87633 
3.87639 
3.87645 
3.87651 


:^ 


7521 

7522 

7523 

7524I 

7525 

7526(3-8765^ 

7527  3-f  7662 
75283-87668 
75293-87674 
75303-87680 

75323-87691 
7533J.87697 

75343-87703 
7535387708 

753^3-^77*4 
75373-87720 

75383-87726! 

75393-8773* 

754^3:^7737 

754*  3-87743  \ 

75423-87749 

75433-87754 

75443*87700 

'754£  3*87766; 

75463-87772' 

75^7^-^7777 

75483-87783 

75493-87789 

75503.87795 


7551  3.87800 
75523*87806 
7553^.87812 
7554  3.»78i8 
75553-87823 

75563.3782c 

75573.87835 
75583.87841 

75593.87^46 

'      1'     III  III  f. 


44- s 


A  7^ilt4^f-Loganthmr, 


7S5i  3.«78s8 

7563  3'87P^4 
75^3  3.87869 

75<»4  3-87875 
75613-87881 


7(5663.87887 
7J567  J.87892 
«68}-87898 

;l569  3-87904 
^3iZ2i? 


^^71  3.879' 5 
31572  J'^792« 

^573  J-87927 
?S74  J-^7933 
!S75L^2938 


J576  3-87944 

:>577  3:87950 

;fS78  i-87955 
J579  5,87961 

J5I0M7967 

758ifi.«7973 
75fe»i-85f978 
7583  5:87984 
584  5-87990 
_58sjf7296 

-566  5-88001 
'5«7  J.  88007 
is88J-88oij 
J589J-880I8 
590  3  88024 

5^  3.^8030 
1^592  3-88036 

r593  ?-8!«M- 
■  594  3.88047 

59";  3-88053 


\ 


7598 


J600 


f6bi 
f6o2 
^603 


f  596  388059 
597  3. 88064 


3.88070 


ITrjtsgiir: 


7<do6  j.88 
76073.88121 

7608  3. 8  8f  1 27 

7609  3.881 33 
76103.8813^ 


1161   765 


76113.8S144 

76i?5.88i50 
76133.88156 
76143.88161 
7^153.88167 


^599  3.88076 


3.88081 


* 


3.880S; 
3.88093 
3-8*099 
3.8S104 

3'8^no 

\  I."  \ " 


76163.88173 
76173-83178 
76183.88184 
76193.84190 
76203.88196 

>   H   I    I         ■  III       I 


7621  j.Qtaoi 

7622  i.8$207 

7623  3-'<2i3 
76243.8S218 
7625  3.88224 


^30 
76276.^8235 

762^3.^241 
7629  21.88247 

763c  ^.88252 


7631  3^8253 

7632  3.8i264; 

7*33  J-^!^?^ 
>634  388275 

76^5  3.88281 


7636  3-88^87 

7637  3-88  292 
763^  J.88298 

7^3?  5-^304 
764c  ^£83  09 


764»fe-883r5 

7642  3.883-21 

7643  3.88326 
76445.88332 
7545  3.;i8^3^ 

^  7646  3^^343 

;7'-.47  3.38349 
!7';J4^J-88355 
j  76493.8836c  j 
I* 76^013.8815661!  I 


76sih.8837 

76523.88378 

76533«8383 

76543-88389, 

76553-88^95 

76jj6  3.8840a 
76573.88406 
76583.884)2 
76593.884?7 
7660  3>88423 


7661  3-88429 

7662  3-88434 

7663  3.88440 
76643.89446 
766J  38345* 


7666388457 
76673.88463 
76683.88468 
76693.884,74 
767O3.8848P 


Logar. 


7671  3-8848.5 

7672  3.8$4j9ii 
'76733-88497 
76743.88502 
7675  3^88508 


76763-88514 
7677388519 
767^  388525 
76793.8853.0 
768c  3.88536 

7681  3-88542 
7682388547 
7683J.88553 

76843.88559 
7685  5.8^564 


7686K.«857o 

7687  3-98576 

7688  3-8«58i 
7689J.88587 

6903.88593 

7691  J.88598 

7692  3. -8 8604. 

7693  3.86610 
769.  3  8B615 

76951^88621 


J     ..     I  |L.  !!■'.■  I  '.W 


^'  jyr  Ldgarr 

7696  3-88627 

7697  388632 
76983.88638 
7699  3-88643 
770c  388649 

7701 3-88655 
7702  3.88660 

7705  3-88666 

7704  3.88672 

7705  3-88677 

7706  3-88683 

7707  3.88689 

7708  3.88694 

7709  388700 
77103-88^05 

77113-88711 
77123-88717 
77133-88722 
77143.88728 
TTtj  3-88734 

771^3-88739 

77173-88745 
7718388750 

77193.88756 

772c  3-^8762 

772*  3-88767 
;7722  3.88773 

77233-88779 
7724  3.8S  784 

77253.887^ 

77263-88795 
77273.88801 
77283.88807 
77293. 8i8ia 
77305.88818 

■ ;  ijfi     "  '  *  '  ' 
77313-88824 

7732  3.8882(_ 
77333.88835] 
y734  3.8884< 

7735?  8884^ 

7736  3-8885 
77373.888c 
773838886 
7739  3.8886 
7740^.8887 


■4T<Mt  if  L^miibm.  4j 


*^J 


A  Tahk  9f  L^^tthm* 


]' 90612 
190617 
3.90613 

j.9o6z8 


.^i^-    Logdr. 
7966|j^iz4 
79073-90IZ9' 
796faj.9ojjs. 

7969  J. 90 1 4,0 
7970^.90146 

7P7»?90'S" 
7972J.901J7 
7971S-90'02 
7974J-90"68 
79753;90i7S 
797151^90"  79 
7977J-90'8+ 
7978}-90"89' 
79793.90195 
7980(3 .90200 
7981  3.90206 
79813.90111 
79833.90217 
7984  i-goziz 
798  !  3-902*7 


Boil  3.903S9 
80123.90374 
8013  J -90380 
■8014  J.9038J 

8015  j.gojqo 

8016  3. 903  9^ 
I.90401 

90407 
IS  3-904<2 
lif  3,90417 


u^ar 


iozi ;. 90423 
8021 3.90428 
8013  3.90434 
80245.90439 
ggj!  ! -90445 
8026  3.96450 
B027  J.9q4lS 
SozS  3.90461 
8029  3.96466 
803c  j._9a47 
3.90477 
—3-  1.904.82 

8033  3.904.89 

8034  3.90493 
8Q3S]-g0499 
4*036  J. 90504 
80373.90509 
80383.90515 
80393.90510 
80403.90^26 


8041  3.9053. 

8042  3.90536 

8043  3.90542 

8044  3.90547 
8o4;i.905;3 

8046  3.90558 

8047  J. 90563 

8048  3.905*9 

8049  3.90574 
80503.90580 

8051  ^90585 

8052  3.90590 

8053  J.90596 

8054  ;.9o6oi 
H055  19060^ 


8059  3.90628 
806^^.90634 

8061  3.90639 

806 2  3.90644 

8063  3.90650 


390655 
-.90660 


8066  3.90666 

8067  3-90671 
80683.9067;   J 

80693.90682  ' 
807c  3.90687 

3-90635  ■ 

3.9069U 

3.90704 


807 
8072 
8073  -  .     .      . 

8°74  J9070g  . 


8075 


V9O7I4  ; 


8076  3.90720 

8077  3-90725 
80783.9073a 

8079  3-90736  • 

8080  390741 

3-90747 
-8082  3-93752  ■ 

8083  j-go757 
—  -  3.90763 
3.90768 
8086  ^9077 3 
3.90779 
3.90784 
3.90789 
?-9°795 
3.90830 
3.90806 ' 
3.90311 


'80S4  3. 


8092; 
80933 


80943.90816 

8095  3.90822 

8096  3.90817 

8097  ).9o332 
809S  3.90838 
8099  J.908+J 
81 00I3  90849 


Bi9i 


A  TaMe  of  LogarUbms. 


47 


3.90854 
9.90859 
9.90805 


81043.90870 


8105 


8106 
8107 
8108 
8109 


8111 

81 12 
8113 
8114 

111 

ill6 
^1x7 

8118 
8119 
8120 


Logar. 


3.90875 


3.90881- 
3.90886 
3.90891 
3.90897 


PU03-90902 


3.50907 
3.90913 
990918 
3.90924 
3^9092^ 

3.90934 
9.90940 

3.90945 

390950 
3^90956 


8121  3.90961 
81223.90966 
81233.90972 
81243.90977 
81253.90982 

81263-9098% 

81273-90993 
81283.90998 

8129  3.91004 

82303-91009 

131  3.91014 
81323.91020 
81333.91025 
81343.91030 
81393-91036 


8136 


i\r. 


8137 
8138 
8139 

8»4o 


8142 

8143 
B144 


y 


91041 


3.91046 
3.910^2 
3.91057 
3.91062 


3.9  lou 
3.91073 
3.91078 
3.91084 


463 


81 

8147 
8148 
8149 

111 


8151 

8152 
8153 
8154I 
8i£5 


81563 


8157 
8158 

8160 


8161 
8162 
8163 
8164 

8i6(; 


Logar, 


91094 
3.91100 
3.91105 
3.91110 
3.91116 


391121 
3.91126 
3.9x132 

3-9"37 
3.91142 


91x48 

^9I153 
3-9»»58 
3.91164 

3.91169 


3-9»»74 

.91x80 

3.91x85 
3,91190 
3.91196 


166I3.91 
1673.91 


8: 
8 
8168 


8170 


8181 
8182 
8183 
8184 
8i8<; 


20X 
206 


3.91212 

816913.91217 

I3 .91222 

3.91228 
9.91232 

3.91238 
3.91243 

3.91249 


3.91254 

3'9«2S9i 
3.91265 

3.91270 


1 

8187 
8188 

H189 

81 


2212 


3.91281 
3.91286 
3-9x291 
^.91297 

V9'3o^ 


3.91^07 
3.91312 
3-9X3«8 
3.91323 

9»Jg,8 


3-91334 
3.91339 
3-9«344 
3-9»35o 

3-9I35S 


8196 

8197 

8198 

8199 
8200 


3-91360 
3-91365 
3-9«37i 
3-9>376 
91381 


3.91387 
3.91392 

3.9x397 

3-9H03 
3:9'4o8 

3^  "4*3 

3-91418 

391424 
3.9x429 

3-91434 
3.91440 

3-9»445 
3.91450 

3-9«s455 
3.91461 


82163.91466 
82173.91471 
82183.91477 
8219I3.91482 

3-91487 
3.91492 
3.91498 
3.91503 
8224I3.91508 
82253.91514 


822^ 
8227 
8228 
8229 

823c 


8231 
8232 
82 

8234I 
82 


335 


3.91519 

3>9>524 
3.91529 

3-9«S3S 
|?-9'540 


m 


3-9»S4S 
3-9>5Si 
^9»5S6 
3.91561 
■y«s66| 


JL 
8237 

823h 

8239 
824c 

8241 
8242 
8243 

8244 
8245 

824^) 

8247 
824S 

8249 
825c 

8251 
8252 
8253 
8254 
825s 

8256 
8257 
8258 

8259 
826c 

8261 
8262 
8263 

8264 
8265 

8266 
8267 
8268 
8269 
827 


3.9157^ 

3-9«577 
3.91582 

3-91587 

^9lS98 
9.91603 
3.91609 
3.91614 
3.91619 

3.91624 
3.91630  ^ 
3.91635 
3.91640 
3-91645 

3.91651 
9.91656 
3.91661 
3.91666 
3.91672 

^91677 
3.91682 
3-91687 
3.91693 
3.91698 

91703 
3.91709 

3-91714 
3.91719 

391724 

3.91730 

3-91735 
3.91740 

3-91745 
013.91751 


8271 
8272 
8273 
8274 

8275 

8276 
8277 
8278 
8279 
8280 


3.91756 
3.^1761 
3.91766 

3-9177^ 
3-91777 


3.9*782 

3-91787 
3.91793 

3.91798 

3-9 1 803 


^ft  A  Table  of  Logarithms': 


ATMi  if  lugarittmi.  \i 


JO  A  TMe  ^  LogarilbMs. 


A  Tabk  rf  Ldgsrithm, 


5t 


^'  J  Logar.    \ 

S82 1 3.94552 
88223.94557 
8823;  3.94562 

8824  3.94567 

8825  3.94671 


8826J.94576 
88273.94581 

88283.94586 
88293.94591 

88303.94596 

8831  3.94601 

8832  3.94606 

*8343-94^'6 
^^353-94621 


88363.94626 
88373.94630 
88383.94635 
88393.94640 
8840  5^4645 


8844 
8g 


8841  3.94650 
88423^94655 
8843  3I94660 
88443.94665 
3.94670 


88463.94675 
88473.94680 
88483.94685 
88493.94689 
88503.94694 

88513:94699 
88523.94704 

88533-94709 
88543.94714 

88553-94719 


88563.94724 

88573-94729 
88583.94734 

8859394738 


8860 


$861 
8862 
3863 


3-94743 
3.94748 

3-94753 
394758 


38643.94763 


N,  {  Logan 

88663.94773 

88673.94778 

8868  3-94783 

8869  3-94787 

8870  3.94792 


8871 


3-94797 


8872  3.94802 
88733-94807 
88743.94812 
88753.54817 


88763.94822 
88773.94827 
88783.94832 

88793-94836 
88803.9484X 


8881  3.948^ 
88823.94851 
88833.94856 
8884  3.94861 
88853.94866 

88873.94876 

88883.94880 

88893.94885 
8890  5.94890 

8891 3.94895 

05923.94900 

88933.94905 

88943.94910 
88953.949,^ 


88963.94919 

8897  394924 

889s  3.94929 

88953.94934 

890c  3 J4939 

8901  3T94944 

8902  3.94949 

8903  3.94954 

890^.  3-94959 
890c  3.94963 


8906  3.94968 

8907  3-94973 

8908  3.9497S 

89093.94983 
89'o|^.9498^ 


8911 

89'^ 
8913 


94993 
394998 
3.95002 

89143.95007 


Logar, 


8915 


891 

891 

891 

8919 

8920 


63 


83 


8921 

892 

8923(3 

89 

8925 


23 


1243 


63 


73 


892 

892 

8928I3 

8929 

89303 


23 


8931 

893 

8933 
8934 

89353 
8936  3 

8937 
8938 

893* 
894c 


89413 
8942 

8943 
8944)3 

894s  3 


8946 
8947 
8948 

89493 
8950I3 

8951 
8952 

8953 
8954 

895  *; 


3.95012 


95017 
95022 
95027 
3.95032 
3.95036 


3.95041 
.95046 
.95051 
.95056 

3.95061 


.95066 
.95071 

•95075 
3.95080 

.95085 


3.95090 
95095 


3-95 
95 
95 


95 
13-95 
95 
95 
95 


•95 
•95 
•95 
•95 

'21 
•95 
•95 
•95 
•95 
•95 


3  95 

•95 
3-95 


00 

05 
09 


19 

24 
29 

34 

39 
43 
48 
53 

63 

68 

73 

77 
82 


87 
92 

97 


i  9 


.95202 


. 


N. 


89563 

8957 
89583 


89593 
89603 


8961 


Lcj^ar- 


952(1 
3.95216 
95221 
95226 
95231 


J 


3.95236 


89623-95240 

8963395245 
89643-95250 

89653-95255 


8966  395260 


897c  3-95279 


8971 3:95284 
8972395289 

89733-95294 
8974395299 
8975395303 


89763-95308 

89773-95313 
89783-95318 

89793-95323 
89803.95328 


8981 


89823-95337 


8983 
8984 

8985 


3-95332 


395342 

3-95347 
3-95352 

^^  3-95357 
8987395361 
89883.95366 
89893.95371 

89903-95376 

8991  3*^5381 
89923.95386 

8993  3-95390 

8994395395 

8995  3-95400 

8996  3.95405 


8997 


8999 


3.9541c 


89983.95415 


3-954 


???^R,?'^f"4 


»9 


90Qf 


5B         A  T*l>k  •/  Lo^ithm- 


A  Tt^t  tf  Ltjgaritkfiu. 


U 


91365.96501 
9^27  J.96106 
93285,96511 

.92305^96^ 


921(3.96454, 
92173-96459 

}2lS  3-96464 

9219  5.96468 

9^^°  39<5473 
j.96+78 
922a  }-9<)483 
9223  3.964^7 
J224  1.96492 

9' 'sb  96497 


923113.9652^ 
9233  J.96530 
92333-96554 

9'34J-96539 

92355.95544 
92315  ^^56548 
9»3n-96S53 
923S5.96558 

9»39J9*S63 

9Z4Ci.g6567 


924.  5.96^7 

9242  5^6577 

9243  3-9'5s8i 

9244  5.96586 
92*55.96591 


91465.96595 
92473.96600 
92483.96605 
9249591*609 
9253^966^ 
J.96619 
92  $z  3.96624 
9253  3.96628 
92^3-96633 
9^13-96638 
92563.96642 
9^57  5-96647 
92583.96652 
92593-96656 
9260(3.96661 


5.96666 
,       3-9 " " 
9263 .  , 

9264  3.9 

9266  {9 

9267  J9     , . 

9265  J.96699 
92(59  1-96703 
9270^.96708 


9276  5.96736 
9*77  3-9674 » 

9278  3.96745 

9279  J-96750 

gage  5.96755 

9»8i  3.96759 
928Z ;. 96764 

9283  J.96769 

9284  196774 

9285  }.96778 

9286  1.967143 
9387  J.96788 

9288  5.96792 

9289  3.96797 
929c  ;  .96802 


,96713 
93725.96717 
9273  5.96722 
9Z74  5.96727 
9275  3.9673, 


9291  3.96806 

9292  3.96811 
9299  5.96816 

9294  5-96820 

9295  3.96825 

9296  5.96830 

9297  5.96834 

9298  3 96839 

9299  5.96844 
930c  3.96848 
9301  r96853 
93033.96858 

9303  3.96862 

9304  5.96867 

9305  3.96872 
9506  j.96b76 
93073.96881 
9308 

9309--,  . 
93105.9689s 
5.96900 
93125.96904 
9313  (.96909 
9314J.96914 
93155.96918 


3,9691} 


3-96942 


9320 
93213.96946 
9322  5.9695 
9323396956 
93843-96960 


9325 


39^65 


9326  3-96970 
3.96974 
. .  3-96979 
9329  3-96984 
93  ;c  3.96988 


9331  3-96993 

9332  3-96997 

3-97°02 
3.97007 

3-97°' 


935' 


9355 


93363.97016 
93373-97031 
3.97025 
93393-970J0 
93403.97035 
3.97039 
397044 
,93433-97049 
;9344  3-97053 
93453-97058 


9346  3-97063 
■9347  3-97067 
9348  3-97072 
93493.97077 
93503.  -  - 
3.97086 
5.97090 
3-97095 


9353 

9354  3-971° 


3.97104 


397109 
5-9711. 
3-97" 
9359  3-971*3 
936013.97128 


93b. 


54 
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inti 


tj 


«j 


936 

J  J  70 


W7« 
9J7a) 
P373 
9374 
^37 


9376 

>3771} 
9378 

9J79|3 
S2 


3-97 
3-97 
J -97 
J -97 
J-97 


9381 

938^ 
9383 
9384I3 
»85 


W36 
93»7i 
938»3 
93893 


93963 


9397 
9398 

9399 
940013 


tg«r. 


97 

97 

3-97 

3-97 

3-97 


97 

97 

3-97 

J -97 

3-J7 


3a 
37 
42 
46 

SI 

69 

74 


79 

88 

9? 

97 


J.97202 
•97206 

3.97a*  I 
.97216 

i.97J29 


3.97225 
3.97230 

J-97234 

97*39 
3.97243 


3.97248 

97*53 

•97*57 
.97262 

939013-97^67 

9391 

939* 
9393 
939413 
9395 


J.97271 

3.97*76 
3.9728c 

97285 
3.97290 


97*94 
,.97299 

J. 97304 

3.97308 

973«3 


13-97317 
3.973*2 
3.973*7 
3-9733  i 
3-97336 


N,  [Legar. 
94o6r9734i 


9407 
9408 
9409 
9410 


9411 
9412 
941 

94M 
94«5 


3.97368 

3  3-97373 
3-97377 
3.9738* 


9416 

94«7 
9418 

9419 
94203 


9421 
9422 

94*3 

94*4|i 
942*; 


943<^ 
9437 
9438 

9439 
944o|3 


9441 
944* 
9443 


9445 


9447 
9448 


3-97345 
3-97350 
3-97354 
3-97359 


3-97387 

3-9739i 
^97396 

3.97400 
97405 


3.97410 


974H 
3-974»9 

974*4 
3-974*8 


3-97433 

3-97437 
3.97442 

3-97447 
?9745i 

^97456 
3.97460 

397465 
3-97470 
3-97474 


3-97479 
39748^ 
3.97488 

3-97493 
97497 


3-97502 
3.97506 

3-975" 


94443-975«6 


3-97520 


94463.97525 


3.97529 
3-97534 


94493-97539 
I9450I3-97543 


N. 


945 « 3-97548 
945*3-97552 

9453  3-97557 

9454  3-9756* 
94is  3-97566 


9456 

9457 
9458 

9459 
9460 


9461 
9462 
9463 
9464 
9465 


9466 
9467 
946b 

9469 


947 » 
947* 
9473 
9474 
9475 


^^^ 


9476 

9477 
947 


Logar. 


3-9757» 

3-97575 
3.97580 

3-97585 
3.97589 


3-97594 

3.97598 
3.98603 

3.97607 

3-97612 


3.97617 
3.97621 
3.97626 
3-97630 


94703.97635 


3.97640 
3.97644 

3.97649 
3-97653 
3-97658 


3.97663 
3.97667 
3.97672 


947913 -97676 
9480^3.9768 1 

94813.97685 
94823.97690 


9483 
9484 
9485 


9486  3.97708 


9487 
9488 

9489 


949 » 
9492 

9493 
9494 
949? 


3.97695 
3.97699 

3.97704 


3-977*3 
3-977*7 
3-977*2 


9490  3-977*7 


3.97731 

3.97736 
3-97740 

3-97745 
3-977SO 


TE. 


Logar. 

949^3'57754 
94973-97759 
949^  3-97763 
9499397768 
950c  3-97772 


9501 
9502 

9503 
9504 
9505 
950-5 

9507 
9508 

9509 

95 


95 
95 
95 
95 
95 


95 

95 

95 

95 
952c 


^^ 


9521 
95** 

95*3  3 
95*413 
95*5 


953» 


3.97777 
3.97782 

3.97786 

3-9779* 
3-97795 
3.97800 
3-97804 
3.97809 
J.97813 
97818 


3.97823 
3.978*7 
39783* 
3-97836 
3.97841 


63 


^3 
93 


97845 
3-97850 

97855 
97859 

3-97864 


*mm 


3.9786b 

3-97873 
97877 

97882 

fe-97887 


95263-9789* 
95273.97896 

95283-97900 
95*93-97905 
95303-97909 


3-979*4 


953*3-979*8 


9533 


95343-979*8 


9535 


3-979*3 


3-97932 


9536 

9537 
9538 

9539 
954013.979^51 


3-979371 

3-9794* 

3-97946 

^97950 


i  i.Wi  I'ln  m  »■ 


VJ+* 


A  Tihle  of  Lcgariihms. 


i« 


A  TaBk  ef  L^^ritkms. 


N.  \L^ 


9721 

97"| 
9723 

97*413 
97253 


97263 


S3 


972713 
972 
9729 
9730 


9731  3.98816 
97323-98820 
97333^98825 
9734398829 

973Sl3-98834 


97373 
9738 

97393 

97¥^ 


97363 


97433 
97443 

ms 


975' 
975^ 
9753 


ar. 


3-9877i 
3.98776 

3.98780 

.98784 

-98789 


•98793 
.98798 

.98802 

3.98807 

3.9881  X 


.98838 
.98843 

3-98847 

.98851 

3.98856 


3.98860 
^98865 
.98869 
.98874 
3.98878 


97463.98883 
97473-98887 

9748  398892 

9749  398896 
97^03.98900 


3.98905 
3.98909 
3.98914 


97543.98918 
975$  398922 

97563.98927 

9757 
9758 


3.98932 
3.98936 

9759|3-9894i 

97603.98945 


23 


9761 

976 

9763 

9764I3 
76 


3.98949 
.98954 

3.98958 
.98963 

98g6^ 


9766*3^98972 
97673.98976 
97683.98981 
97693.98985 
97703.98989 


9771 

9772 
9773 
9774^3 
9775 


97763 


9977 

97783 

977913 
978 


97^1 

9782 

9783 


3.98994 
3.98998 


3.99003 

99007 

3.990 1 2 


03 


.99016 
3-99021 
9902J 
99029 
99034 


97843.99052 


9785 


97863 


9787 
9788 

97893 


97903-99^7; 


979.6  3 


00  J 


98 

9801 
9802 
9803 
98 

980 


043 


3.99038 

399043 
3.99047 


3.99056 


99061 
3.99065 
3.99069 

99074 
99<?78 


9791  3-99083 
97923.99087 

9793  3-9909^ 
97943.99096 

979513 -99' 00 


99105 

97978-99109 
3.99114 
979913 -99 1 18 
.99123 


iB 


3.99127 

3-99131 
3.99136 
.99140 


63 


980 
9S0 
980 

9809(3 
981 


83 


•99149 
.99154 

.99158 

.99162 


ribai 


N. 


J-^S; 


an 


98113.99171 
98123.99176 

9813  3-99180 

9814  3.99185 
9815J.99189 


98163.99193 
98173.99198 
98183.99202 
9819J.99207 
9820  3.9921 1 


982113.99216 
98223.99220 
98233.99224 
98243.99229 
9825  3.99233 


98263.99238 
98273.99242 

9828  3.99247 

98295.99251 

98303.99255 


983113-99^60 
98323.99264 

9833  3-99269 

9834  3-99273 
^8353^227 

98363.99282 
9^373-99286 
98383.99291 

9839399295 
934c  3.99300 


984113.99304 
98423.99308 

9843  3-993'3 

9844  3-993 « 7 

9845  3 -993  22 

98463-99326 
98473.99330 
98483.99335 

98493-99339 
98503.99344 


98513.99348 

98523-99352 

98533-99357 
98543-99361 

98yp-^y66f 


AT.     Lcgar.  \ 

98563-99370 
98573-99374 
98583.99379 
9859  399383 
3.99388 


9860 

9861 
9862I3 
9863 
9864 


98653 

98663^ 
9867 
9868 
98693. 


3.99392 

99397 
3.99401 

3.99405 

99410 


99414 
3.99419 

3-99423 
99427 

9870I3.99432 


9871 
9872 
9873 

9874b 
9875 


399436 
3.99441 

3-9944^ 

99449 

3-99454 


98763 


9877 
98783 

98793 
9880I3 

9881 

988 

9883 


.99458 

399463 
.99467 

•99471 
.99476 


23 


399480 

.99484 

3.99489 

9884399493 
9885399498 

98863.99502 
98873-99506 

98883.99511 
98893.99515 
98903.995^0 


9891 


3.99524 


98923-99528 

98933-99533 
98943.69537 

98953.99542 

98963.99546 
98973-99550 

98983.99555 
98993.99559 

y^oop.g9<^» 
99QI 
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A  TABLE 


n 


.   4. 


K' 


A 


I  i 


T 


B  L  E 


O  F 


Artificial  SINES,  TANGENTS 
and  SECANTS,  the  Radius 
10.00000;  and  to  every  D^ree 
and  Minute  of  the  Quadrant. 


hi 


>>f 


I 


■•M 


( 


idfilM 


A  Tabic  of  Artificial  Sines, 


.   I  Degree^ 


s;  Sine. 


1 8.24903  9.99993  8.2491  op 
2  8.2(609  9.99993  8,25617 
)  8426304  9-99993  8.263 1 2 
418^26988(9.99993  8,26996 


i\  8.2766 1  C99992J8.27669 
i  8.28324  9.99992  8.28332 

7  8.28977  9^99992  8.28986 

f  8.2962 1  9.99992  8,29629 

^So255  9.9999^  8.30263 

ciS!3o879  9.99991  8.30888 

1 1 8.3L495  9  9999J  B.315051 

1 2  8.3a«o3  9.99991  8,321 12 

1 3  8.32702  9.99990 13271 1 
^^3^  9-9  999f  M3303 


I 


1 5  8.33^75l9..9999<5|8-33886 
168.344509.999898.34461 

'2!'^^^^$  999989  8.35^291' 
18  8.35578  9.99989  8.15590 

5  8.361329.999898.36143 


2013.36678  9.99988  8.36689 
21  8.372»  7  9-99988  8.37229 
2^8.37750  9-99938  8.37763 

23  8.J8276  9.99987  8.38*89 

24  8.38796  9f99i7g-388p9 


^lf-^93'0  9-99937P-39323 

26  8.3981 8  9.99986  8.39862 

27  8.40320  9.99986  8.40334 

28  fl.4p8i  6  9.99986  8.40830 
298.413679.999858.41321 
30  8.41792  9.9998  <;|8.4i  807 

Sine. 


Tjmg. 


75808 
75090 

74384 
73689 

75004 


Secant 


72331 
71668 

71014 

70371 

69737 


691 1 2 

68495 
67888 

67289 


66698  IO.OOOIO  1 1.66708 


661 14 

65539 
64^71 

«Q44ii 

'63857 


t.63311 
.62771 
.62238 
.61711 
.61191 


.™-.^»« 


.60677 
.60169 
.59666 
.5917c 
.58679 
.<;8i93 

Tang,  r 


0.00007 
0.00007 
0.00007 
0.00007 
0.00007 


0.00008 


11.7581560 
11.7509859 
1 1. 74391  58 
11.7309657 
1 1 .73012  56 

"72339155 


0.00008". 7^676  54 
0.0000811.7102353 

0.06009  n  70379  52 
0.0000911.697455' 

0.00009  11.69121  50 
0.00009 1 1.68505  49 
o.ooato  11.^7897  48 

o.oooioln.^7298  47 

46 


0.000 10 

O.OOOII 

0.0001 1 


0.00013 

O.OQOt4 

0.00014 
0.00014 
0.00015 
0.000 1  c 


11-66125145 

"•6555044 

11.6498243 
0.00011*1.6442242 
0.000 1. 2  i  1.63  869  4» 

0.00012  «i. 633 23  40 
0.0001 2. »» -62783  39 

a.oooi  2  "•6225038 
0.00013  ".61724  37 
0.00013  ".6120436 


11.6069035 
1 1*60182  34 
11.5968033 
11.5918432 

".586933* 
"•58208130 


88  Degrees. 


^^mmk 


■■ 


0m 


Tahgcnts  and  Secants. 


I  Dsgrn. 


Sine 


41792  9.99985  8.41807 

31  8.423172  9.99985  8.42287 

32  8.42746  9.99984  8.42762 
338.432169.999848.43232 
34  8.43680  9.99984  8.43696 


358.441399.999838.44156 

36  8.44594  9.99983  8.44611 

37  8.45044  9.99983  8.45061 

38  8.45489  9-999»2  8.45507 

39  V45930  9-99982  8.45948 


40  5.46366  9.99982  8.46385 

418.467999.999818.46817 

42  8.47226  9.99981  8.47245 

43  8.47650  9.99981  847669 
44I8.48069  9.99980  B.48089 


57 

1^ 


45  848485  9.99980I848505 

46  8.48896  9.99979  8.4891 7 

47  8.49304  9.99979  8.49325 

48  8.49708  9.99979  8.49729 

49  8.50108  9.99978  8.501 30 

50  8.50505  9.99978  8.50527 

51  8.50897  9.99977  8.50920 
528.512879.999778.5131c 
53  8.51673  9.99977  8.51696 
54I8J2055I9.99976  8.52079 


8-52434  999976 


8.528109.999758.52835 
8-531839.999758.53208 

853552  9-99974  8.53578 
8.539199.999748.53945 

8^54282^^99974  8.54308 
inc.   I 


Tang. 


mmttmmt^ 


8-52459 


Sine. 


.58193 
•577 » 3 
.57238 
.56769 
.56304 


•55844 

'55389 

•54939 

•54493 
.54052 


.53615 
.53183 

•52755 
.52331 

.51911 


.5^495 
•51083 

.50675 

.50271 

49870 


49473 
.49080 

48690 

48304 

47921 


47541 
47165 

46792 
46427 

46055 
45692] 


Secant. 


«M*rfki 


0.000^5 
0*00015 
o.oooi6 
0.00016 
o.oooi6 


0.000171 

OWO0017 

0.00017 

0.00018 

o«oooi8 


0.00018 
0.00019 
0.000191 

O.OOO20 
0.0002c 


•n 


0.00020 
0.00021 
0.00021 
0.0002I 
0.00022 


0.0O022 
0.00023 
0.00023 
0.00024 
0.00024 


0.00024 
0.00025 
0.00025 
0.00026 
0.00026 
00027 


Tang. 
88  Degrees. 


632c  26 


*5 


5861 
5406124 

4956I23 
4511 

4070 


3634 
3202 

2774 
235o|i 

1931 


1515 
1104 

0696 

0292 

.9892 


49496 
49103 

48713 
48327 

47945 


47566 

47190 
46817 

46448 

4608 

457^8 

Secant. 


22 

2fl 

20 


11 

■I 


92  li 

'22  it 


Id 

I 


i 


ttl 


A  Table  of  Artificial  Sines, 


Degree, 


a  pbe. 


9 


op«24i86 
1 8^4903 


T4ng. 


9  99993  8.241  9;b  I 
9.999938.249101 
1 8.25609  9.99993  8-25617I1 
}  8426304  9  99993  8.2631 2 
4I8J26988I9.99993  8.26996 


i:  8.27661 999992  8.27669 
i  8.28324  9.9(9992  8.28532 

7  8.28977  9.99992  8.28986 

J.a962i  9.99992  8.2^29 
•S0255  9.9999^  8.30263 

<:K!3o879  9.99991  8.30888 

M  8.31495  9.99991  8.31  S<>S 

1 2  8.3  Jao3  9.99991  8.321 1.2 

1 3  8.32^02  9.99990 13271 1 

14  8>g32ffl2  9*99990  8.33303 


» i  8-33^756599990^33886 

»o  8.34450  9.99989  8.34461 
1 7  8.35018  9.99989  8.35029 
>  8  8.35578  9.99989  8,3^5590 

i  8.^6132)9.9998918.36143 


4  ^.38796  9.99987 


27 
28 

29 


20  8.36678  9.99988  8.36689 
218.372179^99888.37.229 

2^8-377509-999888.37762 
2318.18276^.99987  8.38^9 

8.38809 


^l!-393io  9-9998718.39323 
26  8.3981 8  9.99986  8,39832 

18.40320  9.99986  8.40334 

^.4081 6  9.99986  8.40830 

.413079.999858.41321 

3Qj8-4i  792j9.9998q|8.4i8o7 

Sine. 


7233 » 
71668 

71014 

7037^ 
69737 


Secant 


7580810.00007 
75090 

74384 
73689 

73004 


691 1 2 
68495 
67888 
67289 
66698 

66114 

65539 
64971 

^6441 1 

.63857 


t.63311 
.62771 
.62238 
.61711 
.61191 


■S^?!W 


.60677 
.60169 
.59666 
^59170 
.58679 

.<;8i93 

Tang. 


0.00007 
0.00007 
0.00007 


117581560 
1 1 .75098  59 
11.7439158 
11.7309657 
6.00007  11.73012  56 

'  172339  55 
u. 71 676  54 

11.7102353 

II. 70379  5  z 

11.697455! 

11.69121150 


0.00008 
0.00008 
0.00008 
0.00009 
0.00009 


0.0001 3 
0.00014 
0.00014 
0.00014 
0.00015 
0.000 1  c 


11.6850549 


0.00009 

0.00009  ^   ^  -^ 

0.00010  1 1. 67897K8 

o.oooto 
0.00010 


11.6729847 
11.66708I46 


o.oooio|"'66i25  45 
0.0001 1 11-6555044 
0.0001 1  n. 64982  43 
o.oooir  "-64422  42 
0.00b  12  j  1.63869  4* 

O.0OO12JI.63322  40 

0.00012  *i»62783  39 
0.000x2*1*6225038 
0.00013  ^>. 61 724  37 
0.0001 3 1 1 .61 204  36 


11.6069035 
11*6018234 
11.5968033 
11.591843* 
11.586933* 
1 1.58208  30 

SecjftJt 


•m^m 


88  Degrees. 


^ 


Tangents  and  Secants. 


1  Digrei. 


ttmtm 


13 
5 


Sine. 


r  .41 79*9-99985 8+1807 
31  8.423172  9.99985  8.42287 

8.42746  9.99984  8.42762 

8.432169.999848.43232 

34  8.4368c  9.99984  8.43696 


358441399-999838.44156 
368.445949.999838.44611 
37  8.45044  9.99983  8.45061 
388.454899.999828.45507 
39  ^-45930  9.99982  8.45948 


40  8.46366  9.99982  8.46385 

41  8.46799  J.99981  8.46817 

42  8.47226  9.99981  8.47245 

43  ^•47650 999981  847669 
44)8.48069  9.99980  B.48089 


45  848485&9998oB:p505 . 
40  8.48896  9.99979  8.48917 1 

47  8.49304  9.99979  8.49325 

48  8.49708  9.99979  8.49729 

49  8.50108  9.99978  8.50130 


JO  8.50505  9.99978  8.50527 

51  8.50897  9.99977  8.50920 

52  8.51287  9.99977  8.5 1 3 10 

53  8.51673  9.99977  8.51696 
54I8J205  5(9.99976  8.52079 


55  8.52434  9.99976  8.52459 
568.528109.999758.52835 
57  8.53183  9.99975  8.53208 

588.535529999748.53578 

59  8-53919  9-99974  8.53945 
6o|8. 54*82|9.999y4J8.543o8 

Sine. 


Tang. 


8193 

77^3 
7238 

6769 

6304 


5844 

5389 

4939 

4493 
4052 


3615 

3183 

2755 
2331 

1911 


1495 
1083 

0675 

0271 

49870 


49473 
•49080 

•48690 

48304 

47921 


47541 
47165 
46792 
46427 
46055 
4569 


88  Degnes. 


Secant. 

o.oooi5 
0.00015 
o«oooi6 
0.00616 
o.oooi6 


0.000x7 
0.00017 
0.00017 
0.00018 
0.00018 


0.00018 
0.00019 
0.00019 
aooo2o 
0.00020 


O.OO020 
0.0002I 

0.00021 
0,00021 
0.00022 


0.00022 

0.00023 
0.00023 
0.00024 
0.00024 


0.00024 
0.00025 
0*00025 
0.00026 
0.00026 
0.000271 


8208^ 

7728 


7254 

6784 

63 


2026 


5861 

540^24 

4956I23 
45II 

4070I2 


3634 

3202 
*774 


2350  17 


1931 


1515 

1 104 
0696 
0292 

9892 


49496 
49103 

48713 
48327 

47945 


•"r 


47566 

47190 
46817 

46448 
46081 

457i8 
Secant. 


^ 


29 
28 


I 


20 

»9 
i« 


1^ 

i 


I 
I 

it 

I 


$ 


10 


5 


2 
1 


^    >■ 


SB 


A  Table  of  Aiti&cial'.Sincs, 


Sine. 


•OT8.54iB;^T69974 1.5450^ 

1I8.54642  9'»073 1-54669 

2J8.5500C  9.999.73  *-55«^»7 
3  8.55354  9-9997^  5S53«2 

4I8.55705  9-9997*  ^-55734 


18.560549.99971  ^ 

[8.56400  9.99970  3.564«9 

7J8.56743  9.99970  856773 

8.570849.99970857114 
^8.5742119.99969  8. 574^2g 

959S9?... 

1 1  8.58089  9-999^8  8.58121 

J5  8.58419  9.99968  8.58451 

?  8.58747  9.99968  8.5^779 

14J8. 59073 969967 8.59105  II 


^5^8.59395  9-99967J8- 59428 

1 6  8.5971 5J9.99966  3.59749 

17  8.60033^.99966  8.60068 

1 8  8.60349^.99965  8.60384 

1 9  8.60662  9.9996  ^  ^^60698 

80  8.60973  9~99964  j.61009  9 
z\  8.61282 ^99964 8.61 3 19 
z|  8.61 589  9-999^3  8.6x626 
2}  8.61894J9.99962  8.61931 

24  8.6219619.99962  8.62234 

25  8r624i97  9.99961  8-62535 

20  8.62795  9*999^^  8^62834  i 
27  8.62QQ1  9.9996P  8.63131  ^ 
z8  8.63385  9.99960  8.63426 
29  8.6367?  9.99960  8-63718  X 
^8.63968  9.99959  8-64009  J I 

Sme. 


2  D^rfis. 


Tang. 


\  Secant. 


.45692 


\ 


4MJI 
44973 


10.0002711.457 


10.000271145358  $9 
io.ooo27ii:4jo<>i  J8 

.44Si  8*10.0092 J  1 1.44646 17 
.44266:1 0.0002J  114429^  j6 

.4391710.0002c  11.4394S55 
43571 10.00029  1143600I54 
43227  io.ooo3€  11.43257 
42886  X0.0003C  11.429161^2 

42548*1000030 1 142579  £i 

42212    10.00031      11.4224351° 

4187910:00032  ri.41911  ^9 
10.OP032 114158(1  48 
10.00033  1 1 .41 253  4-7^ 
10^00033  11.409284^ 

11.406054-5 


41549 
41221 

40895 


40572 
40251 


rTsJo 


10.0003 

10.0003  41I 140285144 

39932)10.0003  5 1 1 .39967  \\ 
39616:10.00035  11.39651  \% 
39302J10.00036 11.3  9338  4> 

10.00036 1 1 .39027  4^ 
10,0003711.3871839 
10:0003711.38411  3^ 
100003811.3810637 
10.00038111.3780411 


38991 
38681 

38374 
38069 

37766 


3746511  o.oo039|!  1.37504135 
,37.166 10.00039 1 1 .37205  34 
36869 10.00040  1 1 .36909  33 
36574 10.00040 1 1.36615  It 
36282 10.00041 1 1.36322  3  V 
3  5991 10.00041 1 1.360^2  3c 

Secmt. 


T-»°g-   i 


87  Def^ees. 


IS 


4 


^^J"TBW» 


\ 


f 


SBS 


Tangents  and  Seicants.  ^ 


i*HM 


t  BigretS' 


35 


8.6i3gd9.^9956  8.6543  5 
568.6567^.9995^8.65715 
378,65948^999558.65993 
.  38  8-662131 3.^54  8.66269 
^j  8.66497  ^  999j4  8.66543 


.  40  8.66769  ^99953  ^.668 1 6 
'  41  8.67039^.99952  8  67087 
4^  8473o8p.99^52  8.67356 

43  8.675.^  9-9995  J  8.67624 

44  8.6784^  9*99951  8.67890 

45  8;ft84!S4  9-9995^  8.68154 


V 


}  30  8.639639.999533.64009 

,  31  8.642536  p.99958  ^^.64298 
^8.64543^.999588,64585 
8.648;27  ?-99957  8164870 
:^^  8.651x0  ^.999(^6  8,651 54 


^ang. 


46  8.6807  9-99949  8.68ai  , 

1 47  8-68627  9.99949  868678 

'  48 8.68886 999948  8.68938 

9  8-69144  999948  8.6916c. 


50  8<6940d  9-99947  8.69453 
51'  8^69654  999946  8.69708I1 
^i  8.69907  9  99946  8.6996 

53  870^  59  9-99945  8702^4 

54  8.70409  9.99944  8.70465 


;  55  8.70658999944  87071 
56  8,70905  9.99943  8.7096 
578.71151 9.999428.71208 

.588.713959.999428.71453 

59  8.716339*99941 8.71697 

60  8.7i88d  9.99940  8.71 


Sine. 


[940 


^tmmm 


1.35991 
1.35702 

»-354J5 
1.35150^ 

1 .3484^  w 


'•34565, 

'•34285P 
i;.34007 

» -3373 1 

'•334-57 


'33^84 
1. 3  291 3 

1.3  2644 

'  -3^3:7611 
1.321  rc 


583  It) 


1.51846 

1.3 1 3  22 

I.3U362 

1 1 .30804 


'  V3^47 
1.30292 

11.30038 

11.29786 

''•29535 


86 


IX. 2903  8 
11.2879 
n. 28547 
u. 28303 


Tang. 
^7  Degrees* 


IPSSSSSSS 


pecant. 


I 


0.QOQ41 
0.00042 
p.ood43 
0.00043 
0.00^4 


0.00044 

0.00045 

1 0.00045 

10.90046 

1 0.00047 


10.00047 
10.00648 
1 0.00048 
0.00049 
10.00049 


f  0.00050 
00051 
ip.0005 1 
10.00052 
10.00053 


10.Q0053 
10.00054 
10.QO054 
10.00055 
10.00056 


10.00056 
10.00057 
10.00058 
10.00058 
10.00059 
1 1 .28060I1 0.00060 


3'6P3?l3t 
357.44''^ 

3545P 
35J»7$2, 
34890  26 


34609 

34S30 

3495  J 
33777 

33503 


2$ 
H 

2 

2 


f 


3323* 
32961 

3269  2|l 

32425 

32160 


20 
I 


3^196 
31634 

3'373 

3*"i4 

•30857 


.3060) 
.30346 
.30093 
.29841 

'295gi 


Qlt) 


2934^2 
.29095 

.2884J9 

.28605 

.28362 

.28120 


1  Secant. 


11 


^ 
•# 


II 


LI 


3C8.7SS- 
31 M7. 
328.7897 
338-791 
34  8.7938' 


Tangents  and  Secants^. 

3  Degreis. 


Sine. 


Tang. 


83 


.999198.78649 

.999i«.788SS 
1.99917  8.79061 

.999173.79266 

^999 168.7947c 

35|8.79S88iW99^  8.7967} 

36  8.797896.99914  8.7987 

37  8.79990  9>999i3  8.8007 

38  8.80189  ^.999(3  8.8027 

39  8.80388  ^-999? a  8.8047 

40  8.805^  9.99911 8.80674 
4t  8.80782  9-99910  8.80872 
42  8.80978  9-99909  8-8 1068 
43 8.8 II 73  9-99909  8.81264 
44)^.81367  9.99908  8,81459 


4^8.8 1 560  9.99907  8.8 1 653 
40  8.81752  9.99906  88 1846 

47  8.81944  }-99905  8.82038 

48  8.82134  9-999^4  8-82230 
4Q  8.82324  9.99904  8.82421 

50  8.8^5  i}  9.99903  %,%zbiCii 

51  8.82701  9.99902  8.82790 
$2  8.82888  9.99901  8.82987 

53  8-83075  9.99900  8.8317$ 

54  8.83261  9.99S99  M3361I 

55  8.83446  9.99898  8.83547J 

56  8.83630  9.99898  8.83732 

57  8.83813  9-99897^8.83916 
$8  8.83996  9.99896^8.841001 
J9  d.84177  9.99895(8.8428 
bo  8.84358  9-9989418.8^6 

«  SihcTl 


2135* 
•21145 

,20939 
.20734 
.2053c 


.20327 
.20125 
.19924 
19724 
19524 


.19326 
.19128 
,1893? 
.18736 
.18541 


.18347 
.18154 
.1796 

17580 


17396 
17201 
17013 
16825 
.16639 


I  Tang. 


Secant. 


iaooo8i 
0.00082 
0.00083 
0.00083 
0.00084 


0.0008$ 
0.00086 
0.00087 

0.00087 
0.00088 


0.00089 
0.0009c 
0.000911 
0.00091 
0.0009^ 


0.00094 
0.00094 
0.00095 
0.00096 
0.00096 


0.00097 
0.00098 
0.00999 
0.00100 
0.00101 

0.00  (02 
0.00102 


.16455 
.16268 
.1608410*00 1 03 
.15900  10.00104 
.1571810.00105 

.15536  !0.ooio6 


mmmm 


3c 


22 


18 


8440115 
1824814 

1805613 
1786612 

,748710 

7299  9 

Jilt 
6925 

6739J 

6554 
16370  4 

16187 

6004 

15823 

^42^ 


I  Secant. 


••9^ 


■Hi 


86  Degrees* 


0^ 


I  z 


SBB 


A  Table  6f  Artificial  Sirtes, 


4  Degree'j. 


a 


0  8.843  S%-99894  3-i^4464 

1  ^.845^99-99893  3-84646 


11.15536110.00106 
11.15355  1O.06107 

2  8.847i8b*$9892!J.84826ji  1.15174110.06168 

3  S.84897  9.9989 1  ^.850061 
^8.8507519.99891  ^-^5' 85 

5  8.85  2  Ji  9.99890^^.85363 

6  8.85429  9.99889  8.85  540 

7  8.85605  p.99888  8.85717 


Sine. 


8  8.8 5,780  9-99887  8.85893 
,9  8.85995  9.99886  3.86069 

108,861259.9988^5  8.86243 
M  8.86361  9.998^84  8.86417 
^2  3.86474  9-99883  8.8659 
i.i  3.86645  9-99882  8.86763 
<4^.868i  7  £).9988ip-86935 


I 


9.998868.87277 

178.8752^  9.99879^-^7447 
I S  8.87494  9-99878  8.87616 

?9 


io|8.8782$  9-99876  8;.87953 
t\  8.87995  9.998758^.88120 
i2  8r.88i6i  9.99874  8.S8287 

^3  8.88326  9-99873  ?-984S3 

Z4  ^8490  999872  8.88619 

25  P8654  9-99871  8IT7T3 
io  8,888 1 7  9.99870  8;.88948 
iy  8;8898o  9.99869  8^891 1 1 
is  8.89142  9.99868  5-89274 
i9  8.89304  9.99867  9.89437 
30  8.89464  9-99866  8.89598 


Stne. 


T^ng. 


Sek^ant. 


1 1. 1 4994]  1 0.00 1 09 
1 1.14815 


9.99880  3.97106 1  I.I 2894 


1*^564260 

11.1546159 
11.1528258 

11.1510357 


11.14637 
ii'.i4j.6o 
u. 14283 
11.14107 
1 1. 1 393 1 


1 1. 1 3 757 
11.13583 
1 1. 1 3409 
ri.l52j7 
It- 1 3065 


.11.12723 
11.12553 
,11.12384 


8.87662  9'.99877  8^817785  i  1.1 22 1 5  lo.ooi  23  ItJJlSS 


11.12047 
if.ii88o 

.i*-"7X3 
11.11547 

11.11582 


11.11217 


:i  1. 16889 

i  1.16726 

M-i<5s63 
1 1. 10402 


Tang. 


10.00110 
10.00111 


10.061 12  11.14395 


10.001 13 
10.OQI14 


10.0O115 
10.00116 
10.00117 


10.0611811.1^355 


10.00119 


10.60120 
1 0.061 21 

10.00122 

10.00122 


1 0.001 24 
10^6125 
10.00120 
10.00127 
10.00128 


10.00129 


1 1. IIO52  10.00130 


10.00131 
10.00132 
10.00133 


I 


•mt^ 


10.001  io|u.i4925[5i 

11.1474855 
11.1457154 


11.142205^ 

mml^mm^mmm  ^aav  ■«■■ 
11.13872^0 

«-»|69949i 
fi.1352648 

47 


.ndl«84  46.' 


u.i3o»345  5 
11.12844441 

11.12675  43 

11,1250642 


41 
11.1217240 
11.1200539 
11.1183938 
1  I.I  1674  37 


$3 


11.11346135 
11.11 1 83  34 
ri.ii02o;3J 
11.1085832' 

11.10697131 


X0.00134 11.1053630 


Secant. 


c 


,8^  Digries. 


mmm 


Tafngdriti  and  Secants; 


4-  Dt^rtts^ 


33 


rSine. 


'  Tang. 


^o  8.89464  9.99866  8.8^598 
8.89625  9199865  8.89760 
8.897^4  9.99^64  8  89920 1  i.ioo8o|io.ooi^ 
8.89943  9-99^^3  ^'900^<i  1 1.09920 10.00157 

34j8'9pi02 1).99862  8.90240  x  1.09760  io.ooi 3 8 

3518.90260  9.99861  8.96399  *  1. 0960 1  Ijooo  139 


?8 


[9 


g.93885  9.9983 


g.93448  9-99»39 


•  Secant. 


1 1.10402  10.00134  i.l.  105 3030 
1 1.10240  10.00135  JI. 10375  29 

I,102l62S 
1. 10057  27 
1.0969826 


1^.08805*9 
1.0865118 

^08498* 7 
1 .08345 1 6 


36  8.90417  9.99860  ^.9b557fc  i.^443jio.ooi4C 
37 8.90574  999859 8.967 1 5 ^  1.09285 10.00141 

38  8.9073CP.99858  8.90872  I  i.<:^i28 10.00142 

39  8.90885^^998  <2  8*9;ro22  it>o8972  10.00143 

408.910401999856  8.9'i  185 1  r.o*88f  5 10.00144 
41  8.gin95p.99855  8.91340  c  r.08660  :i6.ool45 
428.911349  9.99854  8.91495 1  r.08505  ^10.0014^ 
43  8.9 1 502  9.9985^  8.91650 1  r.o*855 »  10.00147 
448.91655  9.Q98{;2  8.9^i863p  ^08197  ieyOOi4g 

fj 8.9 1 807  9-99851  8;9i9^  1 1.08043  io.ooi49ri  rx9i 93115 
11.6^8.91959  999850  8:92 1 16 1  i«6789o:io;ooi5)  11.08041 14 
8.921 10  999849  ^.92264 1  '•07738  ko;oQi52  ^  ».o7890n3 
J8.92261  999847  8.92414 1  T.07586  iaooi53  (I  ^.07739  ^2 
l9^i9M^l 999846 8^(2565  I y*p743 5  10.00154 <J>07589 f i 

I0.8.92561  999845 8.927 16 1 1.67285 io.oai 55  1 1.07439 10 
;i».927ic  9.998448,9286611.07134 10.00156 1 1*07290  9 
J  J8.93859  9  99843  8.93016  H.06985 10.00157  1 1.07141  '^ 
>3|^-93007 999842 8.93 165 1 1.66835 io/)oi58  1 1.06993 

f  418.^3 1 54  9.9984 1 8.933 '  3  ili2!^22 12:22.'  ^^  y  .06846 

1^8.93302  9.99840 8.93462  1 1.06538  io.ooi6c  1 1.06699 


8.936091 1/^6391 


7  ^-93594  9-99^38  8.9375.7  11.06244 10.00162  (1 1.06406 
•8 8.9374c  9.99837  B-93903  •  •  ^'^       ^-c.    ..  ,. 


)o|8.940joJ9.99834p.94i95 
Sine. 


.94049 11.0595 1 


1 1.058OJ 


10.00161 


11.0609710.00163 


liSL 


1.C97JX325 

1.0958524 
1.09426  23 

1.09270  22 
1.0911521^ 

.089^  2 


I 


1 1.06552 


11.06260 
11.06115 


10.00165 

10.001 66{i  r  .05970!  01 
Secant,  ig 


MM 


mmmummm 


85  Degrees, 


A  Table  of  Artificial  Sines, 


5  Digras. 


«*i 


y  8.947^.998298.94917 

0  8.94887  (^.99828  8.9506c 

7  8.95029  9.99827  3.95202 

8  8.951 70  999826  8.95344 

9  8.953 10  9.998  H  8.95486 

10  8.95450  9.99823  8.95627 


8.95590  9.99822  8.95767 
8.957289^821 

^P  9*95^^7  9*99^'^  ».^vs/^y 
1*4  8.96005  9.99810  8  q^i  80 

158  96143  9.99817  8.96325 
16  896280  9.99816  8.96464 

1 7  8.9641 7  9.9981 5  8.96602 

18  8.96553  9*99814  3.96739 
K  8.96689 9.998 1 3 896877 

20  8^96825  9.998 1 2  8.9701 3 

zi  8.969609-998108.97150 

22  8.9709519*998098  97286 

'3  8.9722Q  9.99808  897421 
«4  8  97163  9-99807  8.97556 

9.C  ^t\>^  Arkfs  f\  rkf\^r%ft 


8.97752  9  99803».9795' 

28  8.97894  9.99802  8.98o9«| 

29  8.98026  9.99801  3.98225 

30  8.981 57I9.99800  8.98358 

1    c:«J""" 


I  Sine. 


.050:53 
.0494 
.04798 
.04656 
.045 1  d 


•^4373 
.04233 

.04093 

•^3953 
.038!  3 


•03675 
.03536 

•^339^ 

•03261 

.0312:^ 


^02987 
•02850 
•02715 

.02579 
.0244d 


Secant. 


0.00168 


0.00166 1 1.0597c  60 
0^00167 11.05826  59 


11.05683 


aooi69 11.05539  57 
0.001 70 II. 05 30"  ^^ 

0.001 71J1 1. 05  254?  5 
^.0017211.05113  54 

0.001 73'i  1.04971  S3 

0.00175^11.048305* 
0.001 76I1 1.04690?  I 


0,00177 11.04550150 
0*00178 11.0441 1  49 
0.0017911.042724-^ 
0.0018011.04133  17 
0.0018 1 11.0390^4^ 


0^)018311.0385745 

0.0018411.0372c  44 
aooi85 11.03583  43 
0.0018011.0344742 
0.0^18711.03311 4* 


0.00188 11.03175140 
0.0019011.0304039 
0.00191 1 1.02905  38 

0.0019211.0277137 
0.00193  "0263736 


0.00194 


11.02504 


0.00196 11.02371 34 
0.0019711.0223833 
0.0019811.0210632 

0.0019911.019743 

000200 1 1 .01 843  52 


Secant. 


8 


35 


84  Degreis. 


4^ 


mf 


Tangents  and  Secants. 


5  Degrees. 


5 


30 
3> 

33 
34P 


368 


35 

3^ 

37 
38|8 

398 


408 


41  S 


44 


438 


45 
46 

47 


469 


5» 


Sine. 


8.981579.998008 
8.98288  9.99798 

^984199-99797 
8.98549  9.99796I8 

58679  9.99795 


489 

49  9.00581 


8.9880S  9-99794  8 

"  98937  9-99792P 
8.990669.99791 

"  99»94  999790 

223*2  9.99789  8 


994509.997878 

99S77  999786  8 
p.99704  9.99785 

.9983c  9.99784 
8.999569.9978 


9.000829.99781 
00207  9.9978c 

9.003329.9977819 
<^456  9-99777 


509.007049.99775 


529.00951 


53  9.01074  9-9977 » 


54 


c^.01196 


539.0131 


94X)828  9.99773  9 


9.99772 


9.99769 


9.9976b 


569.014409.99767 
579.015619.99765 
5h  9.01682  9.9976/ 
599.018039.99763 
6c  9.0192319.99761 

i  Sne^ 


t 


Tittg. 


9«35g 
8.984^ 
8.98622 

98753 
8.98884 


99015 

99H5 
8:99275 

899405 
99534 
99662 
99791 
8.99919 
9.00047 
00174 


29 


9.00301 

9.00427 

00553 

.00679 

9.9977  6|9.oo8oq 

9.00910 

01055 
9.01179 
9.01303 
:).6i427 


9.0155c 
901673 
7.01796 
9.01918 
7.0204c 
9.0216? 


1.01642 
1.0151C 
10137& 
1.0124: 
1.01116 


1.00985 
1.00855 
1.00725 
1.00596 
1.00466 


1.0033  b 
1. 00209 
1.00081 
0.99954 
0.99826 


0.99699 
0.99573 
0.99447 
0.99321 
0.99195 


0.99070 
0.9894s 
0.98821 
0.98697 

098573 


0.9845c 
0.98327 
0.98204 
0.98082 
0.9796c 
0.9783^ 

Tang. 

^84  Degrees. 


Secant 


0.00200 
0.00202 
0.00203 
0.00204 
0*00205 


0.00207 

0.0020S 

0.00209 
0.00210 
0,00213 


0.00213 
0.00214 
0.00215 
0.00217 
0.00218 


0.00220 
O.OO220 
0«00222 
0.00223 
0.00224 


0.00226 
0.00227 
0.00228 
0.00229 
0.00231 


0.00232 
0.00233 
0.00235 
0.00236 
0.00237 

o.oo;!3cj 


-01843 
.01712 
.01581 
.01451 
.01321 


.01192 
.01063 
.00934 
.00806 
.0067^ 


.0055c 
.00423 
.00296 
.00170 

.00044 


0.99918 
0.99793 
0.99668 

0.99544 
0.99420 


0.99296 
0.99172 
0.99049 
0.98926 
0.98804 


0.98682 
0.98560 
0.98439 
0.98318 
0.98197 
0.98077 

Secant. 


30 
^9 

28 

t 

S 

24 

23 
22 

21 

20 

»9 

18 

16 

14 

3 

12 
II 


10 

9 

8 

I 


2 
I 


I 


S  D^re^' 


j^^'i^m 


S 


Sine. 


« . 


Oj9.oi9'24  9.99  75T  9.02152 
I  g.ozQM  9'9?7^S  9'O^H 

5  9-o22»3  9.99757  9.045/^5 
JJ9Q^4Q?  9:2271?  9-02646 
19.02520  9-997f S  9-9f  7$6 


.02639  9^99753  9.02?85 

r  9-02757  9.99752  9.03005 

P  902874  9.9975 1 9^4  41 

^9^992  9-99749  90324^3 

J  OJ9-03 100  9.9974^9.63361 

1 1  9.05226  9.99747  9.03479 

129.033429.997459.03597 

?9-P34S?  9-99744  9-037M 
'ffl-03574  9.69743  9.03832 

15  9.03690  9.9974'^  9-03949 
1.6(9,03805  9.99745  g.04065 


179039^09,9973^9.0418 
189,040349,997379.04,297 

■9  904149  9-99736  90441  3 


20  9,04263  9-99734T9-o45"2g 

2!i  9-04376  9'99733  9-04643 
2,29.044909.997319.04758 

23  9.04603  9.9973c  9.04873 
M  9-047J  ?  9>'997^$  g-ojgg? 
'  2c5  9.04828  9-99727  9-35  ioi 
20  9.0494c  9.99726  9.05214 
27 9.05052  9-99724  905328 
28  9.05164  999723  905441 
299.054759.997219.05554 
3gl9-05386l9>9972o[9.oi;666 
Sine. 


Tang. 


0.9;^^  10,00939 
0.9771710^240 

^•9759^  i^tP024i 
0-974-75 10:90243 
P^355ip^90244 


{Secant. 


o-97>3S  1^0,96245 

0.97.1 '  5  Jio^247 
0.90995  10.00248 

096576  I0t5>0249 

096758 10.00251 


6.96639/15x00252 
0.96521 10.0025  J 
P.9JS403 10.002^55 
0.9628610.00256 
0.96.1681(0.00258 


0.96052 1^:06259 
0.95935  10^260 
0.95819  IrOi026;8 
0-95703  lO<OQ26j 

o-95587|u>/X)265 


*— r 


10:9^07^  §b 

p!97iJ5-;?  59 
Oi97«3yi  5? 

0.97598^6 


0.95472  Xolpoz^b 


P-953'57 
0.95^242 

0^51.27 

0.95013 


1,0,00267 
110.00269 

19,00270 
10.00272 


0.94899 
0.94786 

0.94672 
0.94559 
0.94447 


10.00273 
loxiozyA 
XO.OOZ74 
10x30277 
10.00279 


0.9433410.00280 


0:974«o  55 
Ot9736i  5;4 
0-97243  53 

9:97^^  S2 
0.97008  5,1 

0*96891  ^ 
9,96774  4g 
0.96658  4? 

99^542  47 
o.9642;6  4|P 

0,96375  J5 

0-96^95  lfi4 
0.960^(0  B 

0.95966  ^ 
0,95^52  41 


o-957a8  ^ 

0956^  W 
0.9551 1  58 

0-95397  J7 
0.9528536 


o..95>72i5 
0,95060  34 

0-9494?  J3 
0^837  J2 

o.947a5  3  ^ 


0.04614 


30 


83  Decrees. 


•^^■^■^•b 


Tangents  and  Secants. 


6  Degrtis. 


JO  9*05386  9*99720  9.05666 
31  9-05497  9-997»9  905778 

$29-05607  9-99717  905890 

33  9'057i7  9-99716  9.06002. 

34  9*05  8  27g'997 1 4f9>o6i  13 


0 


Sine. 


Twig. 


Secant 


35  9059379  99713906224 
j6 90604.6I9.9971 1  9.063J5 
379.06155.9.997109.06445 
33  9.0626419*99708  9.06556 
39  9.06372)9.99707  9.06606 

fo  9.0648 1 19  99705  9.06775 

41  9:065899.99704  9.06885 

42  9.o6o96'9. 99702  9.06994 

43  9.06804I9.99701  9.07103 
^  9.0691 1  9.996gg  9.07211 

j!^  9.0701B  9.99698  9.07320 
46  9.07124  9.99696  9.07428 

V7 907*3 '  9-99695 9075 3 6 
48  9.07337  9.99693  907643 
4919.074429.996929.07751 

539-07548  9.99690^.07858 
5 119.07653  9.996899.07964 
529-077589.996879.08071 
539.07863  9.996869.08177 
54  907968  9.9968419.08283 


569.081769.99681 


589.083839.99678 


559.080729.996839.08389 


9.08495 


57  9,08280  9.996809.08600 


59  9.08486  9.9967719.08810 


609.0858919.99675 
1  •  fSine. 


9.08705 


9.08914 


094334 
0.94222 

0.94110 

0.93998 

0.93887 


0.93776 
0.93665 
0.93555 
0.93444 

0.93335 


0.93225 
0.93115 
0.93006 
0.92897 
0.92789 


0.92680 
0.92572 
0.92464 
0.92357 
0.92245 


0.92142 
0.92036 
0.91929 
0.91823 
0.91717 


0.91 6x1 
0.91505 
0.9 1 40c 
091295 
0.91190 
0.91086 


Tang. 


0.0028Q 
0.00282 
0.00283 
O.O0284 
000280 


10.94393 
10.94284 

Ii94j73 
0.00287110.94063 


0.00289 
000290 
0.00292 
0.00293 


0.00295 


0.00299 
0.00301 


0.00304 
0.00305 
0.00307 


10.94614 


10.94503  29 


30 


10.93954 

1093845 

0.93736 

10.93628 


io<935i92Q 


0.00296 10.93412 
0.0029810.93304 


28 

26 

-5 
24 

22 
21 


10.93196 
10.93089 


0.00302110.92982 
10.92876 
ia92769 
10.92663 


0.0030811 0-92558  «J 


0.003101092452 


0.003 '  ^ 
0.0P3 1 3 
0.003 1 4 


0.003 1 7 
0.00319 


10.92347 
10.92242 
10.92137 


0.00316 10.92032 


10.91928 
10.9182 


0.003201091720 
0.003  22J1 0.91 61 7 

0.00323  I  0.91  5  I /3 
0.003  25;  I  0.91  4  I 


I  Secant. 


91 

8 

7 

a 


0 
9 


5 


2 
I 
01 


83  Degrees. 


.^ 


159. 
i69- 
179. 
189. 
199. 


209. 

21  9. 
229. 
23^9 


9 
9 
9- 
9' 


3  9-08897  9-99670  909^27 19.90773  10.00330 

4  9.08999  9-99^  9.09330 10,90070 10.00331 

5  9.09101  9'996^  9-09434 10.90366 10.00333 

6  gt.09202  9.99666  9.09537 10.90463 10.00334 

7  9-09304  9-99664  909640 10.9036c  10.00336 

8  9.09405  9.99663  909740 10.90258  10.00338 1 0.90595152 
Sfc^o6  9-99661  9-09845  X0e9Qi5j  10.003:39 10,90494  52 
o  ?.o96oSJ9.99659  9.09947  < o.9oo73|io!oo34i 


A  Table  of  Artifi(:ial  Sints, 


7  Degrees. 


Sine. 


9.08795 


9.99672 


TTang. 


<lQ.o8589  9  9967s  908914  i6.9i086[io.o<j325 
'I9.08592l9.99674j9.090 1 9(1 0.9098 1 1 0.003 27 


9.09123 


np.09707j9.996s  8  9, 
1 2  9.09807  9.99656  9. 
139.09907^.9965519. 

1*49 


00069.996539 


01069,99651  9. 
0205  9.99650  9. 
-©304  9.99648  9. 
0403  9.99647  9. 
0501  9.99644  9. 


0599  9.99643  9. 
0697  9,99642  9. 
0795  9.99640  9 
08939.996389 
24^9ao99oJ2^37J9. 

26 

27 
28 

29 
309 


10876.996359, 
1 1 84  9.99634  9. 
1281  9.996329. 

13779-996309. 
14749-996299. 
i57o|9^27J9^ 

Siner  j  ^ 


10.90877 


0049  10.89951 10.00342 
0150 10. 89850  10.00344 
0252 10.89748  io,ooJ45 
0353 10.89647 10.00J47 


Secant 


10.9141 1  6€ 

.  ,  10.9130859 

10.00328110.912055] 

10.9110357 

10.91001  £6 

10.90^99  55 
10.9079854 
10.9069653 


0-90394  So| 
10.902944 

10.90193 

10.90094  4 

IQ.89994  4 


0454jib.89546 10.0034911 0.898 
0555 10.89445 10.0035c  10^8979 
0656 10.89344 10.00352 10.896961431 
0756  ia89244  10.00353 10.89598  4«| 
0856 10.89144 10,003.55 10.89499  41 

0956 10.89044 10.00355^  10.89401 4 
1056 10.88944  iaoo35aio.89303  39 
1 155 10.8884J  10.00360J1 0.89205  jl 
1254 10.8874c  10.00362  to.89107  37 
iM?  ^0-88647 10.00363 1089010  36 
1452 10.88548 10.00365  loSioTJ  35 
1551 10.8844910.0036710.8881634 
1649 10.88351 10.00368 10.8871933 
1747  10.88253 10.00370 10.88623  32 
1845  "0.88155 10.00372 10.88526  31 
i943Jm88057 10.00373  10.88430130 

T^^TT"  Secant. 


^'*^ *-  -^-isLDegruSi 


/ 


mmm 


*Mi«iii 


Tangents  and  Secants. 

8  Digras. 


S.  Sine. 


\29 


Tang. 


8790^.9947^9.19312 
8871  j-99476  9.19395 

89^?!  9.99474  9.19478 


7391  9.99$  II  9.17880  10.82120 

74749-9950^  9-17966  10.82035 

75589.995079.18051  10.81949 

17641 9.99505  9.18136  10.81804 

77249.995039.18221  10.81779 

78079.99501 9118306  10.81694 
78909.994999.18391  10.81609 

7973  9-99497  9»  8475  ^o^^^S^S 
80559.994969x18560 10.81440 
8137  9:69494  9-18644  10.81356 

822G  9.99492  9. 1 872S  10.81 272 
8302  9.99490  9.18812 10.81 1 88 
8383  9.99488  9.18896 10.81 104 
8465  9.99486  9.18979 10.81021 
8547  9:994^4  9J 92^3  ' 0-^0937 
8628  9-99482  9.19146  10.80854 
8709^.99480  9. 1 9229 1 0.8077 1 


10.82550 
10.82464 


6970I99952CI9.174501 

70559995189-17536 
71399.995179.17622  10.82378 
7223  9-99SI 5  9*17708  10.82192 
73  07  9.99  5  n  Q.I  7794  1082206 


Secam. 


9033  ?-99473  9-19501 
9113  9.99470  9.19643 

9>93  99946^  9-^97^5 
9273  9.99466  ).i98o7 

9353  999464  ^198% 
9433  9-99462^19971* 


»ine. 


10.80688 
10.80605 
10.80522 


10.80439 
ia8o357 
10.80275 
10.80193 
10.80111 
it>.8b029 


81  Dezreis. 


0.0048010.830303a 
0.00482108294519 

0.00484  1 0-82  86 1  28 
aoo48sio.8:?777  27 

0.00487  10*82693  26 

0.00489  16.82609  25 
0.00491 10.82526  H 
0.00493 10.82442  23 
0.00495 10.82359^^ 
0.00497 10.82276  ** 

0.00499 10.82193  20 
0.00501 10.82111 
0.00503 10.82027 
0.0050510*819x9 
0.0050710-8180310 


0.0050810.81780 
0.00510  10.81698 
0.0051210.8^617 
0.0051410.81535 
0.0051010.81453 


0.00518  10.81372' 

0.0052010.81291 

00052210,81210 

0.0052^10.81129  7 
0.00520 10.81048  0 


0.0052810.80968 

o.oo53o'i  0.80887  4 
[O.oo532ia8o8o7 
0.0053^10.80727 
0.00536  io.8o6i.7 
0.00538 10.80567  J2 

Secant. 


I 

t 

t 

o 


'  »»*  A-  •. 


A  Table  of  Artifieial  ^ioes 


9  Deiriss. 


4}  ^.20458 


Tang. 


9-994S^ 


20863 
.20942 

^.21022 

^21102110.78898  io.ooc6^^o.794dcti 


29 


9.21685 


9.99402I9-22283 


30  J9.21 76iJ9.9940o|9.z236i[i  0.7783 

80  Dlgreei 


IS  3.20613  9.99432J9.21 182 10.788^19 10.00568  >o.79387  4j 
x(  9.20691  b.9943b  3.21 261  ^o.78739  iaoo57i  10.79309  44 

17  9-20768^.99427  9.21341 110.78660 10.005.7290.79232  45 

18  9.2oS45fc.99425  9.2142c  1078580  iaoo575Pa79i5542 

19  9-2092^994^3  9*^M99  iO;7g50'  ip.0O577pQ»79O74ij 

20  7.20999  9.99421 9-21578 10.78422 10.00579(10.79001  Jd 

21  9.21076  9.99419  9.21657 10.78343  io.o058ili  0.78924  3S 

22  9.21 1 53  9.99417  9.21736  »a78264  iaoo583 10.78847  J* 

23  9.2122c  9.994' S 9-21814  ia78i86 1*3.00585 1078771  J^ 

24  9.21300  9.99413  9.21893  I078107 10.00587 19.78695 |3P 

^  9.2T382  9.9941 1 9.21971 10I78029 110.00589 10.78618!^ 

26  9.21458  9.99409  9.22049  (CI77951 10.00591  io.7S5i|2  3f4 

27  9-21534  9-99407p-^2i  27  ia77873  10.00593  «o.7&|66EB 
2fiJ9.2i6iQJ9.99405|9.22205[ia77795  io.oo59£  ia7a3.ooS2 


^'>9433i9-994$2b.r997i|io.goo2^to.o0538[s  6.80(6^ 

1  ^19513  9.994609.2005310.79947  10.00540 10.8048^9  5< 

2  ^^9S93  9*9945^  9-20135 10.79S66 1 0.00542 10.804095^ 

3  9.19672  9.99456  9.20216 10.797S4  1O.00544 10.80328  5: 

4  >J975J  9-99454  920297 10.79703 10.00546 io.8o240^< 

5  919S30  9^52  9.20378 10.79624 10.00548  io.goi  7dSj 

6  9.19909  9.9945c  9.20459 10795^1 10.0P5  50 10.80091  54 

7  >- ^99^ 9-99448p-2o54o  10.79460 10.0055210.800125! 
8p.20o67  9.99446  9.20621 1079379 10.00554 10.79933  5} 
9  ^.20145  9.99444  9.20701 1079299 10.0055610.7985^1^ 

10  J.2O223  9.99442^.2078211  O^Q2l8no^OOCC8lte7^777(cS 

1 1  ^20302  9.9944< 
123.203809.9943! 


^cant. 


i 


ia777i7io.oo59f  lo.7»3*5 


61110.77639 10.006QC  10.7823(9 
SincTT        n  TangT|  |  SecantTfe' 


miamm 


Tangents  and  Scents. 


» 


Sine 


<^npse< 


ling. 


1 


.91764  9.< 
»8S<  9-993! 

*«957  9^998! 

.12001  9.99; 


X^^^ 


^1136111^776)9  10.00600 

»li4}8  iew^56s  io*oo6oa 
^11$  1 6 1^774.84 10,00604 


11670  io»7733c 


«f435^99jf; 
.^2509  9.995 

'«|«*!-99377l 
a*57R-99a7S 

.2^73*  51.995 
>»»8of  9 

.neaST^  9.99 
i|M5  9 

1309B  9^6 

iji7i  9-9959 


^1137  9'9959^-ai747lto.77453Eo^oo6io^.77863iic 
2tztt  9*993^^*41^14 110.77^76  iOdOo6i3  »o^77«o  ai 
»«W  9^993f5p-4c90i  10.77099 10.00615 10.77714  « 
^^P^9»^^ti977  10.77013 1000617 10.77639  92 

^3054  10.7694:6  io<oo6i9  io.77fl6c  21 
.13131  io«7o»7Q  10.00621 10.77491  JO 
•23107 10.76794 10^00613 10.77417 1 
f  23233 10.76717 10.00625  iOi77343 1 
«3399  i>a766Ai  10,00628 10.77969 1 
^.^^H'^'^^^^'^QQ^^^  «o.77i95li 


Sfcaat 


ia7g239po 
^0.78164  2^ 

1^0.78088  28 


10*00606^0.78013  17 
10*00608 10.77938  s6 


13680  ^ 


135  J5  *o.7649c  10100632 10.77122 
23|8fi  1076414  io.oo6j4  1077048 
23oo«  '<>'76339 10.00636 10.7607  c 
*3737  *076263 10,00638 10.76902 
gjgi «  ro.76i88  ie.oo64j  1076829 

!J!t[l!*2?"%*^^!^  1076113  IoIoSSm  1^776 
,,^  W7  ^•99355  9^3962 1076038 10.00645  to.76683 
5$.iJ39^  ^99353  9*4037  1075963 10.00647 10.76610 
Si  9^nm  ^9935*  9-«4"2 10.75888  10.00640  io.76«8 

^m^iim^m^H^  87 10.75814 10-00652 1076465 

242di|io75739|io.oo654 1076393 


,  . .99344  9-H33J  to.75665  10.00656^0.^^!, 

!ft&i!2l!6'^^'  "^'^^V  '''•7559c  10.00658 1076^49 
589^5^14  ^.99340  9.Z4484 1075516 10.00660 107617; 

|9 9^«5«95  ^99337 9«4$S8 107544?  ^ 

^:»3967  ?.99335  9'«4632  10.75368 
fSinc.   I     """  T*' 


jang. 


10.00663 
10.00665 


80  Digrefs, 


10.76105 
10760^3 

ecant. 


k' 


k 


mmm 


A  Table  of  Artificial  Sines 


mmm 


lo  Di^rHs* 


i 


Sine. 


09 


I.259S7 


,  „  ,  9-99335  ?a4632 
19.240399.993339.24706 

29.241109.99331  924779 
39.241819.993289.24853^ 
419^24253  9.993^6  924926 


I 


59.243249.993249.25000 

6  9-24395  9-993"  9-25073 

7  9.24466  9.99320  9.25146 
89.245369.993179.25219 

99.246079.99315^:^5292 

1^9.246789.99313  9-25365 

II  9.24748  9.993^0  9-25437 
129.248189.993089-25510 

1 3  9.24888  9.99306  925582 

14  9-24958  9-99304  9^165  5 
159.250289.99301  9.26727 

16  925098  9-99299  9-25799 

17  9.25168  999297  9-2587 

1 8  9-25237  999294  9-25943 

19  9^5307  9.99292  9*2601 5 

20  9.25376  9.99290  9.26086 
21 9.25445  9.992889,26158 
229.255149.992859*^6229 

23  9-25583  9.99283  926301 

24  9-25652  9.99281  9^^26372 


Tang. 


25I9.25721  9.9927B  926443 

26  9.25790  999276  9-265 1 

27  9-25858  9.99274  9.26585 
289.259279.99271  9.26656 

29  9.25995  9.99270  9.26726 

30  9.26063  9.9926-  >26797 

Sini. 


OC75368 

0.752941 

0.75221 

0.75H7 
0.75074 


0.75000 
0.74927 
074854 
0.74781 
0.74708 


0.74635 
0.74563 
0.74490 
0.744  r8 

0.74345 


0.74273 
0.74201 
0.74129 
0.74057 

0.7  39?  5 


0.73914] 

0.73842 

0.7377J 

0.73700 

0.73628 


0.73557 
0.73486 

0.73415 

0.73345 

0.732741 

0.73203 

Tane. 


Secant* 


0.00665 
0.00667 
0.00669 
0.00672 
0.00674 


0.00676 
0.00678 
0.00681 
0.00683 
000685 


0.00687 
0.00690 
0.00692 
0.00694 
0.00696 

0.00699 
0.00701 
0.00703 
0.00706 

0.00708 


0.00710 
0.007 1 3 
0.00715 
0.00717 

O.OOT  f  O 


0.00722 
0.00724 
0.00726 
0.00729 
0.0073  T 
0.00733 


0.76033  6« 
0.75961 
0.75890  51 

o.75««9|J: 

0757^751 

075^5] 
0.75605  54 

0.7553453 
0.75464  52 
0-75393  £1 
0.7532350 
0.75252  49 
0.751824* 
o-75«»2  47 
0.75042  4^ 

0.74972  45 
0.74902  44 

0.7483243 

0.7476342 
o.74693r4« 


0.7462440 

0.7455^39 
0.74486  3S 

0.744 « 7  37 
0.7434836 

0.7417^35 
0.7421^34 

o.74i42;33 
0.740-73  32 

0.74005(31 
o.739^'7'30 

Secant.    ^ 


79  Digrees. 


Tangents  and  Secants. 


10  Difftis* 


Sine. 


Tang. 


Sicsmt. 


.27007 


9.9923, 


1^519.27074  9.9923 

4.70.27206  9.9922 
fdb.27273  ^.992 


53^.^606^.9926;  J.a6797  1073203I10.00733J10.73937J30 
3in.26i3i|9.99264  9.26807  10.73133  10.00730  10.7386929 
3219.261999.992629.26938^0.73063  10.00738  10.73801  28 
im-zSzo^  9-9926C  ^.27008 10.72992 10.00740  10.73733  27 
14  9'g^3^S  g'99257  h^707^  10.72922 10^0743  io7366j  26 
is  9-26403;  9-99^5  J  9-27*4^  10.72^52  to.oo74j  10.73597  2^ 
}6 9.2647c  9-99253 9*7*^^  10.7278^8 10.00748  10.7353024 
}7p*2653^  9.99250  9.27288  10.72712  10.00750  10.7346223 
3819.26605  ^9924^  9*^7357  »o-72643  10.00752  10.7339522 
"^^26672  ?;99245  9.27427 10.72573  iao0755  10.73328121 

.26739  ^-99243  9-2749^  10.72504 10.00757  10.73261120 
41I9.26807 999241  9-2750^  io.72434  10.00759 10.73194 19 
42J9.26a73  9.99238  9'*7^35  ^0.72365  10.00762  10.73127  1 8 
43p.2694o[9-99236p-27704  10.72296  10.00764  10.7306017 

27773  10.72227  ro.00767  10.72993  16 

2784a  10.7215810.00769  10.7292775 
.27911  10.72089J  10.0077 1  C0.7286014 


5ob.274od9.992i9ib.28i«dio.7|8i4  to.00781 10.72595110 
ji  9.27471 9.99217  9-28254  10.71746  10.00783 10.72529  (j 
52 927537 9.99214 9-28323  10.71 67S  10.00786 10.72463  i 
53  9.2760^  9.99212  9*23391  10.71609  10.00788 10.72398  7 
549^2766819.992099-28455  10.71541  10.00791 10.723^2   ( 

55  9-2773419-99207  9-28527 10.71473 10.00793 10.72266  "5 

56  9-27799P-99204  9*28595  10.71405  10.00796  10.72201  4 
579.278649.992029.28662  10.71338  10.0079810.72136  J 
58  9.27930  9.9920c  9-2873^  to.7i  270  10.00800 10.7207Q  2 
599^*7995  9-99«97l9-^8798  10.71202 10.00B03  10.72005I 
60)9.28060  ^.9919^9.28865  10.711 3 5|io.bo8o5  T0.7194.C 

J  I  SineTl  {   Tang.  <  i  SecantI 


2798c  10.7202c  10.00774  10.72794]!  3 
1.28049110.71951 10.0077^  10.7272712 
.281  i7|io.7i883J  10.00779 10.72661  II 


79  Vegrees. 


c 


a 


tflM^ifiUta 


A  Table  of  Artificial  Sines^ 

-  ♦      - «  

II  Degrees, 


Sine. 


09.280609-99 

I9-99 

99 

.39.2825419.99 

4(9.28^1 9  9-99 


9.28x25 

9.281 

9.282 


909 


59 


6 

7 

1% 


.28384 

9.28448 

9-2851 

.28577 

99.28641 


29 


09.28705 

9.2 

9-28833 
^9.2889 
419*2896 


88969 


5(9^9024|9-99 
9.29087  9.99 

79.291509.99 

89.292149.99 

9f9.29277l9.99 

99 
99 
99 
99 
99 


09 


2 
21 

22 
23 

£fl9 

26 

27 
28 
29 

3' 


29340  9. 
9.29403  9 
9.29466  9 
9.295299 

29591 9 


9.29654 
9.2971619 

9-29779|9 

9.29841 

9.2990319 
9.2996619 

L 


9.99 
9.99 

99 
9.99 

9-99 


09 


9-99 

99 

999 

99 
99 


•99 
•99 
•99 
•99 
99 
•99 


92 
9c 

87b 


85 


82' 


Tang. 


95I9.188S5 
9.28924 


9.29000 
.29067 
9.29134 


9.29201 


809.29268 

77  9-*9335 
759-29402 

72 


709 


67 


609 


57 
55 
5^ 


42 
40 

37 


40b 


309 

^7 
24 

22 

I 


Sine. 


9.29468 


29535 
9.29601 

9.29668 

929734 
.2980c 


9.29866 
9.29932 
9.29998 
509.30064 
1479.30130 


45  9-30»95 
9. 30.26  J 

30326 
9.30391 

35  9-30457 
329 


99 


30522 

.30587 

9.30652 

9.30717 

9.30782 

.^0846 


0.71135 
6.71067 
0.7 1 00c 
0.70933 
0.70866 


0.70799 
0.70732 
0.70665 
0.70598 
0.7053 


21 


0.70465 
0.70399 
0.70332 
0.70266 
0.7020c  J 


0.70134 
0.70068 
C.70002 
0*6993  6[i 
0.69871 


0,69805 
0.69739 
0.69674 
0,69^09 
0.69543 


0.69478 
0.69413 
0.69348 
0.69283 
0.69218 
0.69154 


Hi  TangT 
78  Degree^y 


Secant. 


1 0.00805 
10.00808 
10.00810 
10.00813 
io.00815 


10.00818 
10.00820 
10.00823 
10.00825 
0.00828 


10.00830 
10.00833 
1 0.008  J5 
10.00838 
JQ.00840 

10.00843 
10.00845 


10.00848 

0.00850 

10.00853 


10.C0855 
10.00858 
10.60860 
10.00863 
10.00865 


10.00868 
10.00871 
10.00873 
10.00876 
10.00878 
1000881 


0.7194060 
0.7187559 
0.7181058 
0.7174657 
0.71681 56 


0.71616  55 
0.7155254 
0.71488  53 
0.7142352 
0.7135951 


0.7129550 
0.71231  49 
0.7116748 
0.7110447 
0.7104046 


070976  45 

0.7091344 
0.7085c  43 
0.70786  42 
070723  4' 
0.70660  40 
0.70597  39 
0.7053438 

o.7P47>  37 
0.70409  36 

0.703A6  35 
0.70284  34 
0.70221  33 
0.7015932 

0.700973^ 
0.70035  32 

Secant.    ^ 

s 


34 


35 


36fe.30336b-99»Q4^9-3M33 
9.30398  9-99ioj9-3'^97 
930459  999099  9-3 1361 
9.3052119.99096(9.31425 


f    Tangents  and  Secants. 


1 1  'Degreis* 


30  9.29966  J.99I  19  9.30846 

31  9.30028  9.991 17  9.3091  I 

32  9.30090  ^.991  1  4I9.30975 


33  9-301 5 » 


47 


49 


59 
51 


p 


Sine. 


93021 3  9,991 09-9.311 04 


9.30275 


469.30947 


489.31069 


Tang. 


9.99112I9.3104Q 


9.99io6;9.3ii69 


37 
38 
39 


+0  9.30582  9-99093  9-3  '489 

41 9.30643  9-99091 9-3 « 552 

42  9.30704  9.9908S  9.3 1 61 6 

43  9-30765  9-990869.31680 

44  930826  2^59083  9-31743 
9.30887  9.990S0  9.3 1 806 


9.99078 


9.31008  9*99075 


9.31 1 29  9.9907o?9.3  2059 

9.3 1  i  89  9.99067  9.32122 
9.31 25019.990649.321 85 


529.313109.990629.32248 

53  9-3i37o9-99059|9-323" 
549-3»4309-99P57.9-32373 


9.31870 
9-3^933 


9.990729.31996 


9-3i490  9-99oj4]9-32436 
9.315509.9905119.32498 


579.316099.990499.32561 
58  9.3 1 669  9.99040  9.3  2023 
>99-3»7289-9904.3  932685 
60  9.3 1 788  9.99040  9.3  2747 


Sine. 


0.69154 
0.69089 
0.69025 
0.68960 
o.688q6 


0.68832 
0.68767 
0.68703 
0.68639 
0.68575 


0.68512 
0.68448 
0.68384 
0.68321 
0.68257 


0.68194 
0.68130 
0.68067 
0.68004 
0.67941 


6.67878 
0.67815 
0.67752 
0.67689 
0.67627 


to.67564 
0.67502 
0.67439 
0.67377 
0.67315 
0-67253 

Tang. 


ii 


.**■ 


"78  Degrees. 


Secant. 


0.008  8 1 
0.00883 
0.00886 
0,00889 
0.00891 


0.00894 
0.00896 
0.00899 
0.00901 
0.00904 


0.00907 
0.00909 
0.009 1 2 
0.00915 
0.00917 


0.00920 
aop922 
0.00925 
0.00928 
000930 


0.00933 
0.00936 
0.00938 
0.00941 
0.00944 


0.00946 
0:00949 

0.00952 
0.00954 
0.00957 
0.00960 


0.70035 
0.69972 
0.6961 1 
0.69849 
-  69787 


69725 
69664 
69602 
69541 

09479 


6941^ 

^•9357 
69296 

69235 

69T74 


691 1 3 
69053 
68992 
68932 
68871 


68811 
68751 
6869c 
6863c 
68570 


685rc 
6845 1 
68391 
K>.6833t 
68272 
68212 


I  Secant. 


JO 

29 
28 

27 
26 

25 

24 

23 
22 

21 


9 

8 

7 
6 

7 

4 

3 

2 

r 


9 
8 

7 
_6 

4 

3 
2 

I 

o 

•« 


■^ 


"  1^  <»  » 


wmmmmmme^ 


A  Table  of  Attifidal  Sines, 

12  Digrees* 


■R 


|93» 

3.31 


^•32378] 

9-3  H37 

9-32495  9-9900^9.33487 

9-32553  9-99005  9.33548 
1 4|9.  ^  z6i  2  9.99003  9-33609 


IC 

II 

12| 
13 


I SJ9-3  2670  9.99000  9.  J3670 

6  9.32728  9*98997  9-3373 » 
7p.3*786|9.98994  9-33792 

9«33853 


7 
8 


Sme. 


7889 


8479 
9079 


9.3 « 

L;:>i9.3i9l66 
49  320t 


,99046  9.3274? 

9903^  9*32810 
1.99035  9.22872 

9.99032  9.32933 

5  9-99O|0J9-32995 


S  9-32084J9 
9.32143 
9.32202 
9.3^261 
^3231 


99027I9.33057 
9.99024J9.33119 
9.99022I9.3318C 
9.9901  q|9.3  3  242 

9901 6b.  3^3303 


9? 


9.9901319-33365, 
9.9901 1  9.33426 


8  9.3  2844  J9 
99.32902 


21 


9-330189.98983 


22[9.33o75 
23 


9.331 

24J9.33i90[9 

25J9.33248  9 
269.3330519 

27p-33362 
28  9*33420 

29933477 
3o!9-33534j9 

i 


I 


Tang 


10.67129  10.00965 


.48992 


9.98989  9-3 39 » 3  ^^ 


2o|9,3296o|9.98986  9.33974 

9*34034 


9.98980  9-34095 
339.989789-34155 


-98975  H42i6 

98972  944276 

•98969  9.34336 

9.98967  9.34396 


10.67253 
10.67191 


10.67067 
0.67005 


10.66994 
10.66881 
10.6682c 
10*66758 
10.66697 

10.6663 


Secant. 


ro.oo9So 
10.00962 


10.00968 


10.66026  10,01014 


■I .  ■  > 


10.67040  40I 


mm 


0.65664 

0,65604 

9.98964(9,34456110.65544 
9.989617.3451610.65484 

9S958  9.34576  10.65425 

Sine  t f^  Tang. 

77  Degrfis* 


10.65966  10,01017  io,66982{3^ 

10.6^905 10,01020 10.66925  a 

10,65845  I0.OIO22  10.66867  37 
10.6^785  I0.0l02j^  10,66810  36 

10,65724110.01028  10.56752  35 

10.01031  10.66695  34 
10,01054  10.66638^3 


I0.682lipG 

10.68153 
10.68093 
10.68034157 
I  o.OQ97c4io,67974gj 

10.00973  10,679! 
10.00976 10.67857  54 
10.00978  10.67798  5  J 
10.00981  10,67739  5* 
10.00984  10,67681  5^ 

_  10,00987  10.67622  50 
10,66574  10WO0989  to.67563  4Q 
10,66513  10WO0992  10.67505  i« 
10,66452  10.00995  to.67447  ^Z 
10.66391  10.00998 10.67388  40 

10.6633c  io.oipoc  10.67330  45 
10.66269  lOiiOioo^  10,67272  44 
10,66208  10.01006  10,67214  4J 
10,66147  10.01009  10,67156  4^ 
10.66087I10.0101 1  (0.67098  41 


10.01036  io.6658cl54 

10,01039  10.6652361 
io.oi042|ro.6646430 


Secant 


I 


I  A  T afeic  of  Artificial  Sines, 


/    *  ••• 


rj  Degrees, 


\ 


09.35209 
I  9.35264 

2 

3 


•35482 
^35536 

719-35590 
^.35644 

1698 


109.35752 
119.35806 


i^** 


9.988729.36336 

9^8869  9-3^394 
9.353189.988679.36452 

9-3S373  998864  9.36569 

J  9J5427  9.98861)9.36566 


9.98858  9.36624 
9.988559.36681 
9.988529-36738 
9.988499-36795 

9.988469.36852 


9.98845  936909 
9,98840  9.36^66 
129.3586091988*379.37023 
1^3  9.359M9-9«834  937080 

J4|9-35968|9-9883'  9-37' 37 


1519.36022  9.98828  ^37193 
i69'36o75  9.98825  9.37256 
If  9.361 29  9.98822  9.37306 

I?  9.361 82  9.98819  9-37363 
19(9.362369.98816  9.374^9 


20|9.3  6289  9.988 1 319.3  7476 
21  9-3^342  9»988io  9^37532 
229.363959.988079*37588 

23p-36449  998804  9-37644 
24{9-36^o2  9.98801  9.37700 


259.365556.987989.37756 
20  9.36608  9*98795  9.378 1 2 
27  9.36660  9.98792  9.37868 
289.367139.987899.37924 
299.367669.987869.37980 
3019-368 1  Ql9.98783l9.3803  5 

Sine. 


Tang. 


0.63664  16.6 
0.63606 10.0 
0.6354810.0 
0.634191  to.o 
6.63434 1 0.0 


0.63376  lo.b 

0.6331910.0 

0.6326^10.0 
0.63205  to.o 

0.6314810.0 


0.63091 10.0 
0.6303410.0 
0,62977 10.0 
0.62920  lO.O 
0.62863  '0.0 


0.62807  1 0.0 
0.62750 10.0 
0.62694  >o.o 
0.62637  c  0.0 
0.62581 1 0.0 


[C62524  lO.O 
0.6246810.0 
1 0.0 
1 0.0 
1 0.0 


0.6241 2 
0.62356 
0.62300 


0.62244 
0.62188 
0.62132 
0.62076 


0.620 ; 


0.61965  10 


MHk 


Tang. 


Secant. 


10:0 
10.0 
1 0.0 
100 


20 10.0 


0.0 


76  Deg 


rees. 


128 

13" 

133 

136 
139 


I42 

H5 
148 

»54 


157 
160 

163 

166 

169 


172 

^7S 
178 
181 
184 


187 
190 

»93 
196 

J199 

202 
205 
208 
211 
214 
217 


0.6479160 

0.64737  59 
0.64682  58 

0.64627  57 

06457356 


0:645195^ 
0.64464  54 
0.6441053 
0-643565 
0.6430251 


0.64248  5c 
0.64194  45 
0.64140  4^ 
0.64086  47 
0.6403  2M 

5 
44 


0.6397 
0:63925 

0.63871143 
0.638184^ 
0.637644' 


0.637  like 
0.636583c 
0.63605  3  i 
0.6355237 


0.63498 


3< 


0.63445 
0.63393 


0.6334033 
0.6328732 
0.6323431 
0.6318230 


35 
34 


I  Secant. 


.\ 


Tangents  and  Secants. 

.  1.3  O^grea. 


•\  ^     •»» 


0 


Sine. 


309.368199.9378319.38035 
31 9.36871  9.987809.38091 

32  9-369«4  998777  9-38H7 

33  9-36976  9-98774  9-38202 
^370299.98771  9.38258 

3519-37081  9'98768  9-38313 
369.37133^:987659.38368 
379-37185^.987629.38423 
389.372379.987599.38479 
39I9-37289  998756  9-38534 

4^9-3734>  9-98753  9-38589 
4«  9-37393  9-98750  9-38644 

42937445  ?-98747  938699 
43  9-37497  9-98743  9i38754 
4419-37549  9-98740  9-38808 

4519.376009.987379.38863 

46  9-3  7652  998734  9-3891 8 
479.377049.987319,38972 

4$  9-37755  998728  9.39027 
49I9.37806  9.98725  9.39082 

50(9.37858  9.98722  9.39736 
51 9.37909  9.987199.39190 
5  2  9-37960  9-987 « 6  9.39245 

53  9.380U  9.987129.39299 

54  9.3  8062  9.98709  9.3.93  53 


559.381139.987069.39407 
56  9.38164  998703  9-39461 
579.382169.987009.^515 
58  9.38266  9.98697  9.39569 
599-383179-986949.39623 

60I9.38368I9.98690I9.39677 

■1  • 

o!ne. 


tang. 


i^*« 


0*61965 
0.61909 
0.61853 
061798 
0.61743 


0.61687 
0.61632 
0.61577 
0I61521 
0.61466 


0.61411 
0.61356 
0.61 301 
0^61246 
0.61192 


0.61 1 37 
0.61082 
0.61  q;?8 
OV60973 
0.60919 


0.60864 
0.60810 
0.6Q755 
0.60701 
0.6064^ 


0.60593 
0.60539 

0.60485 
0.60431 
0.6037; 
0.60323 


Tang. 


76  Degrees, 


Secant. 


J. 


Q.01217 

O*OI220 

O.OI  223 

0*01226 

O.OI  229 


o»oi  232 
6.01235 

0.01^238 
0.01241 
0.01244 


0.01247 
0.01250 
0.01254 
0.01257 

p.OI26o 


0.01263 
0.01  z66 
0*01269 
O.OI  272 
0.01275 

0.01278 
0.01281 
0.01285 
0.01288 
O.OI  291 


OU31 294 
0.01297 
0.01300 
0.01303 
0.01300 
0.01310 


0.63 1*82 
0.63129 
0.63076 
0.63024 
0.62972 


0.62919 

0.62867 
0.62815 
0.62763 
0.62711 


0.62659 
0.62607 
0.62555 
0.62503 
0.62451 


001 


0.624 

0.6234S 

0.62297 

0.62245 

0.62I94II 


0.62142 
0.62091 
0.62040 
0.61989 
0.61938 


0.61887 
0.61836 
0.61 78'J 

0.61 734 

0.61683 
061633 


Secant. 


>«NtM^ 


26 
M 

2 

22 

21 


20 

^9 
18 

17 
16 


5 


10 

9 

8 

7 

6 

7 

i 
2 

t 


J 


iria 


A  Tabic  of  Artificial  Sines, 


fc.      .»^ 


15  D$gf^is. 


9.425559.98402944151 10.55849 


28^.4259919  98398b.442bilio.55799|i 0.01 602 
2Q  $  4204419.9^3950.44250 10.55750 10.01605 
9.4269o|9.9g3i9 119.44299  10.5570^  10.01609 


ML2186  9.98429K43756 10.56244  ! 0.01 571 

42232  9.9842^9.43806 10,56194  10.61574 

21  9.42278  9-9S422»4s^55 10.56145  lo^i 578 

Z2  9.42324  9.98419943905 10^560^  1Q.01581 

3  ?  42370  9-9«4»  6  943954  10.560^^  10.01^85 

12^  ^42416  9>984i  29.44004110.55996  'Ox>i588 

v;  5.42462  9-98409  94405 31*^^55947  »o.qr592 
26  ^42507  9.98405  9.44102  10.55898 10.01595 


5|9  4»  53  5|9-9«477|943o57lio-56943  ^^'^^  5^31     .  ,  ^-^ 

6  9.41 582  9.98474  943108 10.56893  io.(>i526  io.5841954 

7  941628  9-98471  943158 10.56843  10.01529 10.58372  53 

8  94*675  9-98467  943  «o8 10,5679a  10.01 533 10.58325  52 

9  9.41722  9.98^164^43258 10.56742^0-01536  1 0.58278  5' 

0  9.41768  9.984609.43308  10.5569S  10.01 540  10.5823a  50 

1  9 4*815 998457 9^43358  J0.56642 1Q.01543  10.5818549 
1 9.41 862  9  98454  9-434a8 10.5659?  laoi  547  10,58139  48 
3  9-419089.9845094345810.56542 10.0155010.5809247 

14  9^41  Q'?4  9.Q8447943508  10.564982  10.01553  10.58046  46 

1 5  9.42001  9-98443J9-43558 10.56442  > 0-01557 10.57999  45 

16  9.42047  9-9^44op436o7 10.56393  10.01560  10.57953  44 

17  9.42093  9'98436p43657 10.56343  10.01564  10.57907  43 
i8».42i4o|9.98433|943707|io.56293  10.0156710.57861  42 

[10.57814  41 

10.57768  40 
10.57722  39 
10.5767638 
io.5763d37 
>Q'57S84i36 


*o.57S39B5 

1*0,57^9334 

io.o»599 10.57^7  33 


1 


Sin 


c. 


I   T^ 


■t  *       II   iw 


10.57401132 

*  0.57356  3 « 
10.5731C30 


*« 


74  Digreis. 


Secant.    - 

§ 


i 


1194273$  5.98368944348 
32  9.42781 9.98384  9*44397 
3319.4*826  9.98381  94444^ 
2  9-9^377  9-44495 


Tangents  and  Secant?, 

15  D^rtes* 


35  942917  9^8374  9-44544 
It  9.42962  9.98370  9  44592 
17  943008  9.98366  9'4404J 

58  943053  9-98363  9^44690 
3j  9.43098  9.983?9  9-44738 


4.09431439.983569-44787 
41  9431889.98552  9.44836 

48943^359-985499-44884 
*-3 943^78 998345  9-44933 
44  9433^3  9-9834g  9-4498i 


i 


ang. 


4.59.433689-983389-45025 
^69.434129-983359-45078 
479434579-9833' 9-45126 

39435029.983279.45174 
ig  94354^  9.983  24  ^45223 

50 943S9«  998320 9-4527» 
519.436359.983179.45319 

529.436809.983139-45367 

53  9-437M  998309  9-4541 5 

(f4  943769  9-98300  9-45463 

559-438139-983029-455" 
569.438579.98299945559 
57  9-43901 9-98295  9.45606 

589.4394^9-982919-45654 

59  943990  9-98288  945702 

60  9-44034  9-98284  9.457  50 


Sine. 


0.55701 
0.55652 
0*55603 

0-555541 
0.55505 


Secant. 


0.55457 
0-J5408 

o.$5359 
0.55310 

0.55262 


0.55213 
0.55164 
O'55iio 
0.55067 
0.55019 


0.54971 
0.54922 
0.J4874 
0.54826 
0.54778 


0.54729 
0.54681 

0.54633 
0.54585 

0.54537 


0.544891 
0.54441 

0.54394 

0.54346 

0.54298 

0.54250 


0.01609 
0.01 61 2 
0.01616 
0.01620 
0.01623 


0.01627 
0.01630 
0.01634 
0.01637 
0.01641 


0.01644 
p.01648 
0.01651 
0.01655 
0.01658 

0.01662 
0.01666 
0.01669 
0.01672 
0-01676 


6.01  68g 
0.01683 
061987 
0.01691 
0.01694 


Tang. 


t 


0.01698 
0.01701 
0.01705 
o.oi  709 
0.01 71 2 
0.61716 


^m 


M«i.V<KI 


o. 
o. 
o. 
o. 
o. 


o, 
o. 
o. 
o. 
o. 


o. 
o. 
o. 
o. 
o. 


o. 
o. 
o. 
o. 
o. 


o. 
o. 
o. 
o. 
o. 


o. 
o. 
o. 
b. 
o. 
o. 


30 
29 

28 

25 


7310 

7265 
7219 

71 

712 

7083 

7038I24 

6993 
6947 

6902 


6857 

681a 
6767 

6722 

6677 

6633 
6588 

6543 

6498 

6454 


6409 

6365 

6320 
6276 

6231 


6187 
6143 

6099 

6054 

6010 

5966 


I  Secant. 


74  De^retr, 

m  2 


«db 


23 
221 

21 


20 

■I 

J3 
12 

11 

To 

9 
8 

I 

1 

4^ 
3 

I 
01 


i 
2 


'ti  ii.iJiJB 


< 


«*«■ 


A  Table  of  Artificial  Sitics, 


1 6  Dignes^ 


'  5J9.44254  9.982669.45988 
6  9.44297  9.982629.46035 
79.44341  9.98255'9-46o82 

8  9-443^5  9-98255  9-461 30 

9  9.4442S  99825 « 9:4^177 


09.440349.982849.45750 
19.440789.982819.45797 
2'l9.44i  22  9-98.277  9:45845 

3^.44166  9-98273  9-45893 
419.44210  9.98270  9.4C04.01 


1019.44472  9.98248  9.46224 
II  9.445169.982449-46271 

» 2  9^44559  9-98240  9-4fe3»9 

13  9.44603  9-982379.46366 

14  9.44646  9.98233  9.464!  3 


; 


T 


P' 


Sjecant 


1 5  9.44689  9.9"8229  9.46460 
169.447339.982269.46507 
'7  9-4477^  9-98222'9-46554 

1 8  9.448 1  c  9.9821 8  9.46601 

19  9.44862  9.98  2 15I9.46648 


2019.44905  9.9821 1|9-46695 

21  9.44949  9-982079.46741 

22  9.44992  9.98204  9.46788 

23  94503 '^  9-982009.46835 

34  9.45078  g.98196  9.46881 


15  9  4512c  9.98192  9.46928 
26 945163  9.98189  9.46975 
z'j  9.45206  9.98185  9.47021 
289.4^240  9.98 i#l  9.47068 
ic  9.45292  9.98177  9.471 14 
id)4S334p98*^^P'47i6i 

Sine. 


0.5425010.017x6 


0.54203 
0.J4155 


0.54108  10.01727 
0.54060  10.0x730 


0.54013 
0.53965 


0.53823 


0.53776 


0.53681 


0-53587 
0.53540 
0-53493 


10.01723 


10.55 


10.0172010.55922 


;59?S5a 
;  $922 59 


10.01734 
10.01738 


0.5391810.0x741 
0.5387010.0x745 


10.0x749 


10.01  ;^52 


0.5372910.01756 


id.01760 


0.5363416.0x763 


16.0x767 


10.01771 
iq.01774 


0.53446 10.01778 
0.53399 10.01782 
0.5335210.01785 


0.53306 
0.53259 
0.53212 

0.531*5 
0.53119 


id.01789 
10.01793 
10.01797 
10.01800 
10.01804 


0.53072 
0.53025 
0.52979 
052932 


0.52840 


Tang. 


1 0.0  c  808 
10.01811 
10.61815 
10.01819 


0.52886  10.0x823 


ip.01826 


0.558785 

0.55834  sd 
055790 

05574755 

0.55703  54 
0.55659  53 

0.5561552 

0.5557251 


0.5552850 

0.5548549 
0.55441 48 
0.5539847 
0.55354  4^ 
0.553114s 

0-5526744 

0.5522443 
0.55181  42 

0.55138  4j 

0.5509540 

0.5505239 
0.5500938 

0.54966  37 
0.5492336 


0,5488035 

0.54837  34 

0.54794I33 

0.54751 

0.54709131 
0.5466630 


Secant. 


73  Degrees, 


vB 


a 


31 945377  9'98i7<3  9-47*07 
329.454199.98*669.47*53 

33  9*454^2  9*931629.47300 
33941504  9-98^599  47346 


Tangents  and  Secants. 


}6  Degrees^ 


Sine. 


^  I 


I^MHB^VH* 


.  Tang. 


33945547  9-98»5S'947392 
369.455899.981519.47438 

379456329^98147947484 
389.456749.981449.47530 

399457169.981409.47576 


o-52378io.Qi864 
o.52}3ii(l.o|868 
0.52286  10.01872 
0.5224c  10.01875 
0.52194  1001870 

0.52148  io.oi8i83 
0.52103  10.01887 
0.52057 10.01891 
0.52011 10.01894 

0*51 966(10.01 898 


40  9  45758|9-98i3%  47622 
41 9.45801  9-98i3ab  47668 

4«  945843  998 1 2*477  M 
439458859.981259.47760 

44  9.45927  9-98'2i  9.47806 

45  945969  9.981 17  947852 

46  9.4601 1  9.981 13  9.47898 

479.460539.98110947943 
48  9.46095  9.98106  947989 
499.46136  9.98 10219.48035 

50  9.46178  9.93C98E4808 

51  9.4622c  9.98094)9.48126 

52  9.46266  ^*98o9ob.48i7i 
539.46303  ^98o87to,482i7  10.51783110.01913 

54  9.46345  j.98093'9482621 

55  9-46386  ?.'08O799.483o8 
569.46428^.98975  9.483  5  3 

57  946469  5-9897  i  948398 
589.46511  ?.98o(J7  9.48444 

599.46555  ?-98o64  9.48489 
So  9.46594  ^98060  9.48534 


Sine." 


0.52840 
0.52793 
0.52747 
0.52701 


0.52562 


Secant. 


10.01826 
10.01830 
10.01834 

10.01838 


0.5265410.01841 


0.5260810.0x845 


0.5251610.01853 
0^5247010.01856 
0.52424 10*01860 


10.01^49 


0.5192c  10.01902 
0.5187410.01906 
0.51829  10.0191C 


0.5173810.01917 


73  Degrees. 


0.51693110.01921 
0.51647  10.01925 
0.5160210.01929 
0.51557  10.01933  I 
0.51511  10.01937 
0.5146610.01940 

Tangr}  j 


o. 
o. 
0. 
o. 
o. 


o. 
o. 
o. 
o. 
o. 


o. 
o. 

0- 

o. 
o. 


0. 

o. 
o. 
o. 
o. 


o. 
o. 
o. 
o. 

o. 


o. 
o. 

0. 

o. 
o. 
o. 


46663 

46231 

4581 
4538I27 

449626 


445325 


4411 


4368  23 
4326I 

4284 


o 

29 

28 


24 


4242 
4»99«9l 


4157 
4U5 
4073 


4031 

3989 

3947 
3905 
3864 


22I 

21 


t 


3822 
3780    5 

3738 

3697 
3655 

3614 
3572 

353> 

3489 
3448 

3407 


Secant. 


« fv'^ 


%•  ^».     .         «&v       ^ 


it 


'3 
12 

II 


I 
01 


\ 


A  Table  of  Artificial  Sines, 


6  9.46594  3-98c)6o  948534 
"'9-46635  9-98056  9485  79 

2  §46676  5.98052  948624 

3  9,a67I7^.98<:548  948669 

,4  9.4^759  2J)i2i:+ 94£7i4 


•♦< 


Sine. 


■wp 


■** 


p^ 


5  9.46800  9-98040  9-48759 

6  94684!  9-98016  948804 

79468829-38033948849 

8  946923  9.98629  9"48894 

9  9.46^64  ^-gSoz^  9-48939 

ic  947031  g^gfoTi  9.489^4 
1 1 947046  9-98017  9-49029 

i2  947086^.98c3l3  9-49073 
I J  9471 27  9.98^69  9.491 18 
[14  947x68  998005  9-49^63 


• 


•^^ 


15194720919*98601  94^207 

169472499.97997  9-4925 

179472909.97993949297 

1 8  9473  30  9-97990  9-4934' 

^99-473719-97986949385 

20  9474t  2  9.97982  949430 
^i  9.474529,97978  949474 
2^9.47492  9.97974  9495  »9 
23  947S33&-97970  949563 
2^  9-47^73  9-^7966  949607 

25  9.4761 3|9.97$62  949653 
i6  947654  9.97958  9-49696 

27  947694  9.97954  94974<^ 

?  9-47734  9*97950  949784 

'2^  9-47774  9-97946  949828 

30  947814  9.97942  949872 

Sine. 


a. 
o 
0 
o 


o 
o 
b 
o 
o 


MMfl 


1466 
14^1 
1376 

1331 
1286 


1241 
II5I 

iic6 
106^ 


1016 

0971 
09^7 
0882 
0837 


0793 
0748 
0704 

0659 
0615 

057c 
0526 
0481 
0437 
0393 

03^ 
0304 
0260 
0216 
0172 
0128 


Tang. 
72  Degrees. 


Secant. 


0.01940 
0.0 1 94 
0.01948 
0.01952 
0.01956 


0.01960 
0.Q1964 
0.01969 
0.0197 1 
0.0197511 


to. 
10. 
<o, 
1  o. 

0. 


o.oi979]i 

001983 

0.0I987 

0.01991 

0.0^995 


0.01999 
o.oioo3 
0.02007 
0.0201 1 
0.62015 


0.02018 
0.02022 

O.02026|l 
0.02030  1 
0.02034 


0.02038 

O.O2O42H 

0.02046 

002050  1 

0.02054 

0.02058 


4 


10. 

0. 

10. 

10. 


10. 


■MM 

0. 


10. 

io. 

to. 
10. 


to. 
to. 
to. 

10. 

to. 


to. 

10. 
o. 
a 


to. 

mm 


10. 

o. 

10. 

o. 
10. 

10. 


[3407  6c 
[336$  59 
13324  5« 

:itH  SI 

13242  5c 


3^0^55 

:3i5«  J4 
311853 

[3077  5^ 

3995  5<> 

;3955  4f 
[291448 

;  2873  47 

128234^ 


[2791 45 
[2751 44 
;27io4J 
;267o  4^ 
1610  i^ 

[3589^ 

:a$4839 
[250838 

;*46737 
;2427  36 

;23«735 

1234^34 
[230633 

[226632 
[222(31 
[21863^ 


Secant, 


^1 


1 8  Degras- 


•^>mt 


r 


Sine. 


09.489989.97^2119 
19490379,978179 
29490769.978149 

3  9,491 15  9.978089 

4  9-49' S3  25Zf2?  t 


10  949385  9.97779  9* 
u  949424  9.97775  ?• 

12949462  9.97771  9» 

»3  9«495o"9'977^^ 
»4  949S399>9?7^Sg! 


I 


5  949192  9h978oc9» 

69492319.9779^9^ 

7  9.49270  9-97792  9- 

8  9.49308  9*97788  9* 

9  ?!49347  9397784  9 


>S9-49§77?*977S.99* 
169496159^775.49 
179496549.977509 
189496929.977469 

»9  949730  9.97742  2: 

10  949768  9^7738  9 
219.498069.977349 
2a  949844  9-977*9  9 
23  949«f82  9.977^5^ 
*4b!499«o  9*^772il9 


«59.49958  9*977«79 
16  9499969.977' 3  9 

27  9-50034  9-97708  9 

28  9.50073  9.97704  9 
299'5oiiob.9770C9 
309.5015819^709% 


iTang 


178 
221 

264 

306 

349 


392 

435 
478 
520 
563 


606I 
648 
691 

734 
77^ 


819 
861 

903 
946 
988 


2031 

2073 
2x15 

2200 


2242 

228d 
2326 
2368 
2410 
245a 


I 


0.48822 
0.48779 
6.48737 
6.48640 


10.02192 


048651  t6;Q!zi96  to.50847 


5 
5 
6486081 1  ao22o6 10.50807  5f 
048565  fb.02ioi  ji  0.50769  54 
048522  ib.b%2o8 10.50731  53 
048480  f  0.0221 2 10.50692  5?j 
0.48437110.62217  *to.5o653i5t 


0.48394  IO.O222tj)0.5O6l5i5^ 

048352  16.02225110.5057644 
0.48309I1P.02229I1 0.50538  4f 


0.48181 
0.481 39 


I 


71  Dtp^ti, 


I 
1 

10.02179^0.5100264 

1 0.02 1 84|[  0.50963M 

I 


10.0218810.509245 


10.50885 


048267  10.02233 
048224 10,02237 


10.02241 


10.50423  4i 


10.62246 10.50385 


0.480^7  10.02250 
o.48o5'4  ip.02254 
0.48012  1.0.62258 


0.479701 1 0.02262 
0.47927  10.02267 
047885  10.02271 
647843  10.02275 
0  47801  ib.02279 


6.47758  ip.02283  10.50042131 
^.47716  10.0228810.5000434 
6.47674  16.02292  1049960  33 
0.47632  10.02296  1049928 1% 
0.47590  1Q.02300  16.4989c  3 1 
047  J48  10.02304 


10.50500  4| 
10.5046114^ 


10.50346I43 
10.50308  4^ 
10.50270  4< 


10.5023240 
10.5019^3^ 
10.5015038 
10.5011837 
10.5008036 


44 


0498^230 
Secant. 


qpi 


Tangents  and  Secants. 

1 8  Dtgrets. 


§!|  Sine. 

3 


imSkm 


30  9.50148  9-97696  9-5*452 

31  9-501  85  9.97691  9.52494 

Jl  9.50223  9.97687  9.52536 
§39.502619.976839.52578 

5^50298  997679  9f5*62o 

3519-50336  997675  9-5*662 
369.50374  ^.97670  9.52703 
379.504119.976669.52745 

38  9.50449  9-97662  9-52787 
398^50486  9^97657  9:-5282? 


40(9.50523  9.97653  9.52870 
41  9.50561  9.97649  9-529' 2 
429.505989.97645  9-52954 
43  9-50635  997640  9-52096 
^.50673  9.97636  9- 5  303  7 

4519,507109.976329-53078 
46^.50747  997628  9-53  >  20 

47&-50784  997623  9-53»6i 
48^.50821  9.97  6 1  gp- 5  3  203 
49I9.50859  9-9761 SBJ  3  244 


Tang. 


50,9.50896  9.9761  d9-53285 

519.509339-976069-53327 
529.5097c  9.97602  9-53368 

53  9.51007  9-97i97  9-53409 

54t9if'o43  9:97593  9:534^0 

55.9.510809.975899-53492 

5619.511179.975849.53533 

579-5 »' 54  9-97580  9-53574 

589.511919.975769-53615 
599.512289.975719.53656 

60  9. 51264  957^567  9.53698 


Sine. 


0.47548 
0.47506 

0.47464 
0.47422 

0.4738c 


0-47339I 
0.47297 

0.47255 

0.47213 

0.47172 


0.47130 
0.47088 

0.47047 
0.47005 

0.46963 


0.46922 
0.4688c 
0.46839 
0.46798 
0.46756 


C.46715 
0.46673 
0.46632 
0.46591 
0.46  <;^c 


Ci465o« 
0.46467 
0.46426 

0.46385 

0.46344 

0.46^0 


Tan 


HL 


Secant. 


0.02304 
0.02309 
0.023 1 3 
0.0.2317 
0.02321 


0.02326 
0.02330 
0.02334 
0.02338 
0.02343 


0.02347 
0.02351 
0.02355 
0.0236c 
0.02364 


0.02368 
0.02373 
0.02377 
0.02381 
0.02385 


0.02390 
0.02394 
0.02398 
0.02403 
0,02407 


0.Q241  I 

0.02416 

0.02420 

.0.02424 

10.02429 

'0.024^3' 


0.49852 
0.49815 

0-49777 

0.49739 
0.49702 


0.49664 
0^49627 
0.49589 
0.49552 

0.495  M 


0.49477 

0.49439 
0.49402 

0.49365 

042327 

0.4929c 
0.4925J 
0.4921 ' 
0.491 79 
0.49142 


0.49104 
0.49067 
0.49030 
0.48994 

0-48957 


0.4892c 
0.48883 
0^48846 
a488Q9 

0.48773 
0.48730 


decant. 


.SWMi 


V^tmmitttuteMtBSaiamAkiikmmH^^ 


7 1   Degrees, 


msmam 


30 
29 

28 

27 
26 

25 
24 

25 
2? 

21 
20 

;? 


5 


1 


6|i3 
II 


I 

7 

4 

3 
2 

0 


d 


n 


A  Table  of  Artificial  Sines, 


ig    Degrees. 


3 


09. 

9 
9 
3  9 

its. 


5  9 
69. 

7  9' 
8 

9^ 


ic 
II 
12 

'3 
I 


I 
16 

I? 
18 

19 


20|9 

21 

22|9 

2 

24 


25 
26 

28 
29 

30 


Sine. 


4  9- 


5  9- 
9- 


9 
9- 


39 


9- 
9< 
9- 
9' 
9- 
9- 


64|9'97567^-53697 

9-5373? 

«8|9-97558  9-53779 

1-97554  9-538^0 


37419 
411 


447  9 

4849 
5209 

5579 
593  9 


9-975  509- 53  861 

9.53902 

9-53943* 
•53-984 


6299 


7029 


738 
Z75 


811 

847 


Tang. 


•97545 

•9754* 
97557|9 

•975329 
.97528I9 


9.54106 

666|9-975>99-54H7 
9.54188 

9.54228 
.54269 


97523 
975  > 

975^5 
9.97510 

9.9750 


69. 


9.97501 
9-9749719 


9.54309 

•54350 
883|9-97493|9-5439» 
919  9.97488  9.5443» 
9559974849.54472 


20279 


991 

027 
2063 
2099I9 
213 


9-97479  9 
974759 

9.97470  9 
-97466I9 

.97461 


59 


9*97453 
9.97448 


9-54754 
9-54794 


2171 

2207 
2242 

2278 
2314 

23599-97435|9-549»5 


54<>25 
.54065 


54312 

54552 

54593 

•54633 
9.54673 


9-97457  9^547«4 


9-97444  954835 
9-97439  9-54875 


Sine.  » 


0.46303 
0.46262 
0.46221 
0.46J  80 
0.46139 


0.46098 
0.46057 
0.46016 
0.45976 
0.45935 


0.45894 
0.45853 
0.45813 
0,45772 
0.45731 


0.45691 
0.4565c 
0.45610 
0.45569 
0.45528 


0.45488 
0.45448 
0.45407 
0.45367 
0.45327 


0.45286 
0.45246 
045206 
0.45166 
0.45125 
0.4^085 


Tang. 


Secant. 


70  Degrees, 


0.02433 
0.02437 
0.02442 
0.02446 
0.02450 

0.02455 
0.02459 
0.02464 
0.02468 
0.02472 

0.02477 
0.02481 
0.02486 
0.02490 
0.02494 

0.02499 
0.02503 
0.02508 
0.02512 
0.02516 


0.02521 
0.02525 
0.02530 
0.02534 
0.02539 

0.02543 

0.02548 

0.0255 

0.02556 

0.02501 

0.02565 


0.4873660 

0.48699  59 
048663  58 

0.4862657 
0.4858956 

04855355 
0.4851654 
0.48480  53 
0.48443 
0.48407 


52 
5i 

0.48371  50 

0.4833449 
0.48298  48 
0.48262  47 
0.48226  40 


0.48 1 89  45 

0.4815344 
0.4811743 

0.48081  42 
048045  41 

0.48009  40 

0.47073  39 
0479373^ 
0.47901 37 
0.47865  36 


0.4782935 

0.47793  34 

0.4775833 
0.4772232 

0.47686I3 1 
0.4765  ipo 


Secant 


Tangents  and  Secants. 


19  Degrees. 


Sine. 


9- 
9- 


3c 

339 

34 


35 
36 


37, 
389 
399 


^09 
419 
+29 

+39 
449 

4-59 
469 

479 
489 

499 


5> 
52 

53 
54 

55 


569 

57 


58 


599 
60 


3509 


52 
52385 

52421 

52 

52492 


4569 


9743  S 

9-9743o|9 

9.974*% 
97421 


5252819.97412,9 
52563 

5*598|9'97403|9 
526349-973999 
526699-9739419 


^846  9 


52705 

52740I9 

52775 
5281 1 

52881 

5291 

52951 

52986b 

53022 


579 


530 
5309^ 
5312 
53161 

53» 


969 


^9-5 


9-9741 719 


Taig. 


^•973909 

973859 
.97381  9 

9.97376  9 
973729 


69 


9973679 
•97363  9 

9973589 
973549 

3:974499 

'344J9 


973 

997340.9 

79-973359 
9.973319 

.973269 


29 


79- 
2^9-4; 


5323119.9732 
532669-9731 

53301  9.973 « 
53336  9-97308|9 
533709.97303 

534059.97299(9 


Sine. 


91 

95 

499 
03 

07 


II 

«5 
J9 
23 
27 


3« 
35 
39 
43 

474 

514 

554 

593 

633 
673 


712 

752 
791 

831 

870 


910 

949 
989 

6028 

6067 

6107 


0.45085 
0.45045 
0.45005 

0.4496: 
044925 


0,44885 
0.44845 
0.44805 
044765 
044725 


0.44685 
0.44645 
0.44605 
0.44566 
0.44526 


0.444'^ 
0.44446 
044407 
0.44367 

0.44327 


0.44288 
0.44248 
0.44209 
0.44169 
0.44130 


Secant. 


0.44090 
044051 
0.44012 
043972 

043933 
0.43893 


Tang. 


0.025^5 

0.0257c 
0.02574 
0.02579 
0.02583 

0.02587 
0.02592 
0.02597 
0.02601 
0.02606 


0.02610 
0.02615 
0.02619 
0.02624 
002628 


0.02633 
0.02637 
0.02642 
o.o2i647 
0.0265 1 


Q.02656 
0.02660 
0.02665 
0.02669 
0.02674 


«li^V 


0.02679 
0.02683 
0.02688 
0.02692 
0.02697 
0.02701 


047651 

0.4761 5 
0.47579 
0.47544 
0.47508 


0-47473 

0-47437 
0.47402 

0.47366 
0-4733' 
0.47295 
0.4726c 
0.47225 
0.47190 
0.47154 


0.47119 

0.47084 
0.470491 
047014 
0.46979 


0.46944 
0.46909 
0.46874 
0.46839 
046804 


0.46769 

0.46734 
0.46699 

0.46664 
0.46630 
0.46595 


Secant. 

.  1 1    i    » 


30 

29 
28 

27 
26 

25 

24 

23 
22 

21 

20 

>9 
18 

'7 
16 

7 
14 

'3 
12 

II 

io> 

9 
8 


5 
4 

3 

2 

I 
o 


4.^ 


L 


70  Degrees. 


'*.   J-.W*' 


30  9 
3»9 

33? 
349 


mm 


mm 


Tangents  add  Secants. 


2 

0 


35  9 
369 

379 
389 

m 


409 
419 

439 

1-5  9 
469 
f7  9 
4.89 
i99 
509 

S^9 
529 

539 
'J4  9 


1^ 

?7  9 
589 


Sine. 


54433 


54466  9.971 54p-573»« 
54500  9.97 1 49b.S7SS» 
54534  9-9r«45p-57S8^ 
54567  9.97140  9-574^^ 


9,9715^ 


»m 


Tang. 


9.57274 


546019-971359.57466 

5463  5  9.95'!  30  9.57504 
546689.971269.J7543 

547029,971219.57581 
54ai^97»».^9i5_Z6i9 


54769  91.971 11957658 

548bi9.97ior9-J769« 
548^6  9.97I08  9.47734 

548699.97097^57772 

54903  9.9709^  9i578'ot 


54936  9-97^87  9S7«49 
549699.970839-57887 
55003J9.97078  957925 
55036^.97073  957963 
55o69|9,.97q68  9.58001 


551029.97064  9-58039 
551369.970599.58077 
55169  9.970549.58115 
552029.970499.58153 

55235|9-97044fe-58J9' 


55268  9.97039  9.58229 
553019.970359.58267 

55334  9-97030  9-58304 
55367  9-97025  9-5834* 


599.554009.970209.58380 


So  9-55433fe-9 
"""»^         I  Si 


970159.58418 
Sine.    I 


0.42726 
0.42688 
id.42649 
0.42611 


Secant. 


10.02841 
10.0284 
10.02851 
1002855 

0-425712  lo.ozS 

o.42534|ict.02865 
0.4249310.02870 
0.42457I1 0.02874 
0.4241 9I10.02879 


.424i9jio.02)$79 
.4238i|'o-02884 


0.4234^10.09889 
0.42304  IQ.0S893 
0.42266  10.02898 
o.42I(jb8  10.02903 
0.42190  10.02908 


0.421 5 1 10.02913 
0.421 1 3 10.02917 
0.42075 10.02922 
0.42037  iaoa927 
041999110.02932 

0.41961I10.02937 
0.41923 10.02941 


0.41885 
0.41847 


10.02946 
10.02951 


0.41 80911 0.02956 


0.41 77  ill  0.02961 
0.41 73411 0.02966 
1 0.41 696 )[  0.02970 
0.4165  8rt  0.02975 
0.41 620 1 0.02980 
0.41 5  82|i  0.0298  9 

Tang.   I 


0.4556830 

045534*9 
0.45500  z8 
0.45466L27 

0*4543326 

o.45399l*"5 
0.4536s  *4 
045332*3 
0.4529822 

045265  a  1 


045231  »o 
0.4^198 1 
0.451641 
045131 1 

04509711^ 


O45064I"  5 

045031 

0.44997 

044964 


«3 
I  si 


9 

8 


0.4493  li^ 

0.44898  "o 
0.44864 
04483 1 

o  44798  a 
044765  J 

0.44732 
0.44699 
0.44666  S 
0.44633  2 
0.44600  * 
044567  o 

Secant! 


VW^w** 


69  De^ees. 


I«MI 


db 


^ ■ — 

A  Table  of  Artificial  Sines, 


21  Degrees. 


33 


Sine. 


09 

9 

9 
9 

49 


I 

2 


9 

9- 


79 
89 


to9 
II 

I2|9* 


«5 

169 
179 
189 
199 

209 
21  9 
229 
23 
2419 


25 
26I9 

«7 
28|9 

299 
30 


5433|9-970i5 
5466^.970109 

5499p-970o6  9 

5532p-970oi9 

S564b:9^9o9 


Tang. 


55979.96991 

56309-9698619 

56639.96981 

5695  9-9697619 
9.96971 


9.96967  9 
57939.969629 
58269.969579 
58589.969529 
58919.969479 


5923 

595* 
5988 

6021 

6053 


6247 
628Q 
6311 


9.96942 
.96937  9 

9.969329 
9.96927  9 
9.969229 


60869.969179 
61189,969129 
61509.969089 

61829-969039 
621519.9689819 

9.96893 
.96838J9 
[9.96883 

6343  9-9687819 
63769.968739 

6408  9:96868  9 


Sine. 


58418 
58456 

58495 

5853* 
58569 


58606 

58644 
58682 

58719 

58757 


58794 
58832 

58869 

58907 

58944 


58981 

59016 

59056 

59094 
59131 


59*68 
59205 

59H3 
59280 

59317 


593541 

5939" 

59429 
59466 

59503 
595401 


0.41582 

o-4«545 
0.41 507 

0.41469 

0.41 43 1 


041394 
0.41356 
041 3 19 
0.41 281 
0.41243 


0.41 206 
0.4  II 68 
0.41 1 31 
0.41093 
0.41056 


0.41 01 9 
0.40981 
0.40944 
0.40907 
0.40869 


0.40832 
0.40795 
0.40757 
0.407^0 
0.40683 


040646 
0.40609 

0.40572 
0.40534 

0.40497 
0.40460 


Tang. 


68  Degrees. 


Secant. 


0.02985 
0.02990 


10.4456760 

'  0.44534  59 
0.02995110.44501  58 

0.02999  ^0.44468  57 

0.03004 10  44436  56 

10.44401  55 


0.03009 
0.03014 
0.03019 
0.03024 
0.03029 


0.03034 
0.03038 
0.03043 

0.03048 

0.03053 


0.03058 
0.03063 
0.03068 
0.03073 
0.03078 


0.03083 
0.03088 
0.03093 

0.03098 
0.03102 


0.03107 

0.03 1 1  2 

0.03 1 1 8 

0.03 1  22 

0.03127 
ao3i.32 


^ 


10.4437054 

0-44337  53 
10.4430552 

10.4427251 


10.4423950 
1044207  49 
10.4417448 

10.4414247 
10.4410946 


10.4407645 
10.44044  44 
10.4401243 
10.43979 

"0-43947  4» 

40 


10.43915 

10.4388239 

10.43850 

10.43818 

10.43785 


1043753 

10.43721  _ 

1 0.43  689(33 
10.43657 

10.43625 
10.4359^ 


Secant. 


38I 

37 


36 


35 
34 


32 
3« 


30 


mm 


A  Tabic  of  Artificial  Sines, 


zz  Degrees. 


Sine. 


I 

2 


7.9. 
f 

3i9- 

5? 

69. 
79. 

89. 

21 9. 

5i!9- 

26 
27 

28| 

3o!9- 


Tang. 


8039  9-96$03  9-61436 
8070  9*9059^  9.61472 
8io4g.96<?9^^.6i;o8 

?« 3 1  9-9658?  9-61544 

?  1 6a  9-96582  961 579 
8192  9-96577  9-61615 

82239.965729.61651 

8«53  9-96567  9-6<  687 

8284  9.06562  9.6172211 

I  Sine. 


9-57358  9.96717  9-60641 
9.573899.967129.60677 
9.5742x>  9-96706  9.60714 

9-57451  9-967<5i  9-60755 
I  4'Q.c74.8a9.96696!9-6Q786 

75149.966919-60823 

7545  9-96686p.6o859 
75769.96681  960895 
76079-966769.60931 
7638  9.96671  ».6q967 

7669  9'96665^6i  004 
77QC  9-96660  9.61040 
7731  996655  9.61076 

7762  9.966509-61 1  u 

77^3^.^66459.61148 

78249.9664Q9-6»i8 
78559-966349-6120 
78859.966299-6125 

79 1 09-96624  9-61292 
79479^966199-61328 

7978  9-96614  9-6  if64 
SqqS  9.96609  9.61400 


10.39359 

10.39323 

0.39286 

0.39250 

0.39214 


0.39178 
0.39141 
0.39105 
0.39069 

0-39033 


0.38996 
0.38^60 
0.38924 
0.3888^ 

0.38&52 


0.38816 
0.38780 
0.38744 
0.38708 
0.3  8672 


0.38636 
0.38600 
0.38564 
0.38528 
0.38492 


Secatit. 


0.38457 
0.38421 
0.38385 
0.38J49 
0.38313 
0.38^78 


I    lane. 


O.O3283I 

0.033891 
0.0329 

0.03299; 

0-03304! 


0.033091 
0.03314] 
0.03319 
0.03324 
0.03330' 


0.03335 
0.03340 
0.03345 
0.03350 

0.033  5^ 


0.03361 
0.03366 
0.03371 
0.03376 
0.03381 


0.03386 
0.03392, 
0.03397 
0.03402 
0.03407 

0.03412 
Q.03418 
0.03I423 
Q.03428 
0.03433 
0^439 


0.42643  60 
0.4261 1  59 
0.4258658 

0.4254957 
0.4251856 

0.4248755 
042455  54 

0.42424  53 
0.42393  52 

0.42362  5 1 

0.42331  J"o 
0.4230c  ^9 
0.42269  48 

0.4223847 
>.42207  46 


0.421764^5 

0.42146*4 
0.4211543 

0.42084  42 
0.42Q534* 


0.42023  40 

0.4199339 

0.41961  3'» 
0.4193c., 

35 


^»— 


0.41 869 

0.41838 
0.4180833 

9.41777 

0.41747  J 
Q.4J716SS 


34 


Secant. 


67  D(grai^ 


G 


«ta 


■■M 


rt^ 


S^cabts. 


±2  Degrees, 


Sine. 


30 
3' 


Ji9. 

33  9- 
349 


3! 

3^ 

37|9 
389 

399 


fo9 

439 

479 
48^ 
49^ 


5^9 
5';9 
52)9 
539 
549 


55,9 
56(9 

57j9 

599 
60I9. 

1 


82^4 
8314 

8345 
8375 


tii' 


.965629.6x722 
.96556  9.^1 758 
9.965519:61794 
9.965469.61830 


8406  9.9654 


8436  5^6535  9.6i  90 
84679.965369.61936 
84979.965259.61972 
8527  9.96520  9.62CX)8 
855^  9.96514  9*62043 

85889.965099.62079 


86I89.965049.62I14 
8648  9.96498  9.621 50 
867?  9.964939.62185 

8769  9.96488|9'6222i 


T^ang. 


9.61865 


io.38099|to«03465 
o,}8o64  ICX0347C 
0.38028  10^03475 
0.3799210.03481 
0.3795710.03486 


8739  9.96483  9.62256 
87699.964779.62292 
87999.964729.62327 
8829  9.96467  9.62362 
8859  9.96461(9^2398 


0.37921 10.03491 
0.37886  10^03496 
0.37850  10,03502 
0.37815  10.03507 
lo.37779to.035 1 2 


88899.964569.62433 
891^  9.96451 9^62468 
8949  996445  9-62504 
89799.964409.62539 
9009  9-96435^162574 


9039  9.96429  9.62609 
9069  9^96424  9.62645 
9098  9.96419  9.62680 

91 28  9-9641 3  9-627  J  5 
91589.964089.62750 

918819.96403  9.62785 
Sine. 


0.38278x05,03435 
0.38242 10,03444 
0.38206  iao3449 
0.38171 10.03454 
0*3  81 3  5[r  0.03459 


Secant. 


b.37744  10.03517 
0.37709  10.03523 
0.37673  iao352^ 
0.37638  ia03533 
0.37602 10.03539 


0.37567  10.03544 
0.3753210.03549 
0.3749610.03555 
0.37461 10.03560 
0.3742610.03566 


0.37391  »o.o357 

0.3735610.03576 

0.3732010.03581 

0.37285  10.03587 

0.3725010.03592 

0.37215110,03597 


I  Tang. 
6"^  '  Degrees. 


04171630 
0.4168629 
0.4165528 
04162527 
0.4159426 


04156425 
0.4153424 
C.41 503  23 
0.4147322 
0.4144321 


04141220 

0.4138219 
041352 
041322 
041 292 


04 1 26 
0.41 23 
0.4120 
0.4117 
0411 4 


0.41 1 1 
04108 
04105 
04102 
0.4099 


0.4096 
0.4093 

0.40902 
0.40872 
0.40842   1 
040812 

Secant* 


18 

17 
16 


»5 

12 
II 

10 
9 

8 


13 


A  Tabic,  of  Artificial  Siiics^ '  y 


^  D^retu 


2 

3 


Sine.' 


-limg- 


1 

f 


0I9.60951  9*9607^9.64858 10.35 1 42I1 0.03927 

1  9.60960  9  96067I9.64892 10.J5108  IC.03933 

2  ^60988  9.96062J9.64926 10.3507^  10.03938 

3  ^.61016  9.96056^.64960 10.3504c  10.03944 

4  ^.61045  ^:9^5 1 9*64994 10.35006  r 0.03950 


5  9.61073  9-9^45J9«65028 10.3497410.03955 

6  9.61  lor  9-960399.65062 10.34938  10.03961 

7  9.61 1 29  9'9^34s-65096 10.34904 10.03967 

8  9.61 158  9-96028^.651 30 10.34870 10.03972 

9  9.61 186  9.96022I9.65164 10.34836 10.03978 

10  ^.612149.960179.65197  40.3480310.03983 

1 1  ^.61 242  9.9601 1  9.65231 10.34769 10.03989 

1 2  9.61270  9.96005  9-65265Uo.34735  10.03995 

13  9.612989-960009.65299^10.34701 10.04001 


1 4  9.61 326  9-95^94  965333 


>5|9  61355  9-959889.65366 
.613839.959839.65400 

i7|9-6i4n  9959779-65434 
189.614399.959719.65467 

199.614679959659.65501 


20  9.61494  9-95960  965535 

21  9.615229959549  65568 

22  9.61 550  9«95944  965602 
239.615789.959439.65636 
24  9.61 606  9-95937  9- 65669 


259.616349.95931  9-65703 

26  9.61 662  9  95925  9.65736 

27  9.61 689  9-95929  9.65770 

28  9.61 7 1 7  9.95914  9.65803 

29  9.61 745  9.95908  9.65837 
30I9.6 1 773  9.95902  9.65870 


(  Sine. 


10.34667 


'W'ma^'mm^m 


I   Tang. 
65  Degrees. 


.  Secant. 


10.04006 


10.34634  10.04012 
10.34600  10.04018 
10.34566  10.04023 
10.34533  10.04029 
10.3449910.04035 


10.34465  10.04040 
10.34432  10.04046 
10.34398  10.04052 
10.34364  10.04058 
tb.34331  10.04063 


10.3  429  7 10.04069 
10.3426410.04075 
10.3423010.04081 
10.34197 10.04086 
1034163  10.04092 
10.3413010.04098 


10.390696c 

10.3904050 

0.3901258 

0.3898457 

0-3895556 

0.3892755 
0.38899  54 

0.3887153 
0.38842  52 

0.38814  5» 


0.38786  5c 
0.3875849 
0.3873048 
0.3870247 
0.3867446 


0.3864645 
0.3861844 
0.3859043 
0.3856242 
0.3853441 


0.3850640 

0.3847839 
0.3845038 

0.3842237 
0.3839436 


0.3836635 
0.3833834 
0.3831133 

0.38283321 

0.3825531 

0.3822730 


Secant. 


^m 


\ 


JO  9  6i  773  9'95902b.6587o[io.34i  30 
31  9.61 8oo9.95897|9.65904[T  0.34096 


32  9.618289.9589!  9.65937' 
339.618569.958859.65971; 
34I9J61 883  9^587519.66004 


35I9.6191 1 9.95873  9.66038 
'  369.619399.95868966071 

i  37  9-619609.95862  9.66104 
389.619949.958569.66138 
39  9.62021 9.95850  9.66171 


Tangents  and  Secants, 


24  Degrees. 


53 


57 


fo  9-^20499.95845  9.66204I1 
•41  9.620769.958399.66238 
:  4.29,621049.958339.66271 
439.621319.958279.66304 
4.49.621599.958219.66337 


45  9.62186  9.9581 5  9.66371 

4.6  9.62214  9.95810  9.66404 

4.79.62241  9.958049.66437 

•  489.622689.957989.66470 

|49|9.6^«96  9.95792  9.66504 


':  509.62323  9-95786  9.66537 
51  9.623509.957809.66570 

52]9-62377  9-95775  ^-66603 
9.9576^9.66636 


9.62405 


54I9.62432  91.95763 
5519.624599.95757 


569.62486 


589.62541 
59  9.62568 

609.62595 


9.66669 


9-9575^ 


9.62514995745 


9-95739 


9-957^8 
Sine. 


9.66702 
9.66735 
9.66768 
9.66801 


9  95734l9'66834 


9.66867 
65  Degrees,  ^ 


0.34063 
0.34029 
0-33996 


Recant 

»   — , 

30|i  0.04098 
0.04 104I 
0.04109 
0.04115 
004121 


0.33962 
0.33929 
0.33896 
0.33862 
0.33829 


0.33796 
0.33762 
0.33729 
0.33696 
0.33663 


0.33629 
0,33596 
0.33563 
0.33530 

0-33497 


0.33463 
0.33430 
0^33397 
0.33364 

o.3333» 


0.33298 
033465 
0.332J2 
0.33199 
0.33166 

0.331 33 
Tang. 


0.041 27 
0.04132 
004138 
0*04144 
0*04 1 50 


0*041 56 
0.04161 
0.041 67 
0.04173 
0.04179 


0.04185 
0.04190 
0.04196 
0.04202 
0.04208 


0.04214 
0.04220 
0.04225 
0.0423 1 
0.04237 


0.04243! 

0.04249 

0.04255 

0.04261 

0.04267 

0-04272 


Q.382273.C 

0.38200  2C 
0.38172  IJ 
0.3814427 
0.38117  t^* 


0,38089  25 
0.38061  24 

"0.38034  z\ 

0.3800^  22 

o^379y9J2i 

2C 


'9 


0.379^1 

^'37924  ^ 
0.37896 '< 
0.378691 
0.37841 


0.37814 
0.37787 

0-377591 
0,37732 

0.37704J 


12 

II 

0.37677  10 
0.37650  9 

0.37623  i 

0-37595  7 
0^37568  jl 

o-3754»  1 

o-375«4|  4 

0.37487 

0374591 
0.37432   f 

0-37405}^ 

d 


Secant. 


'2 


s 

4 


$0  Jl^ii?*  ?-9SS«P7850 
|i|9-634zs^,95543fo.67882 

>2h.6345»9-955$7p-679»5 
|3fe-6|47gb.95  5  j  ib.67947 

H  2:63  59495S515Ef  79«2 


«Mi 


Tangents  and  Secants, 

25  Digreiu 


Sine. 


Tang. 


$59635 
$6  J.625 

$7  J.63C8 
18^.6361 
.65631 

^3662 
fi|9'6368< 


fS 


955i9n«68oi2 
95513  ^68044 
.95507  J.68077 
.9550x9.68109 

95494  ^^H^ 

55458  9-68174 

, .  .95483  9-68206 

.  -.•637«5|9'954769'68239 

43H574»?-95470  9-68271 

63767  9^95464  2f  8303 

•63794  ^95458^6^336 
.6382019.9545^68368 

9544W.684XX3 

9544^.68432 


f8| 


».6384( 
>.6387J 
1.6389I 


y 


^6392^ 

f.639S< 
|.6397( 
^6400: 
1.6402! 


•95434  968465 


1.95427  9-68497 

.95421  9.68529 

.954159-68561 

1.954099,68593 

.95403  9.68626 

^•6405419.95397  9.68658 

f.64080  9.95391  9.68690 
^.64106  9.95385  9.68722 
».64i32  9.95378  9.68754 
^.64158  9.953729.68786 

>.  64184^.95  3  66I9. 6^ j8 


Sine. 


,-^ 


810 


a3  2 1 50110.0445 1 

0.3211 

a32oft5 

0.32053 

0.32021 


0.3 
0.3 

0-3 
0.3 

0-3 


0.3 

0-3 
0.3 

0.3 
0-3 


0.3 
0.3 
0.3 
0.3 
0.3 


0.3 

0.3 

0-3 
0-3 
£•3 
0.3 

0-3 
0.3 

0.3 

0.3 

0.3 


9881 


956 
923 
891 
858 


826  LO 


794 
761 

729 
697 


664 
632 
600 
568 

535 


503 

47 « 

439 

407 

375 


342 

310 

278 

246 

21 

182I 


*mm 


vqBPm 


Tang. 
64  Degrees. 


Secant. 


04457 
10.04463 

10.04469 

10.04475 


0.04481 
10.04487 
10.04494 
10.04500 
iao45o6 


04512 
10.04518 
10.04524 
10.0453  c 
L0.04536 


10.04542 
10.04548 
10.0455^1 
10.0456c 

10.04567 


10.04573 
10.04579 
10.04585 
10.04591 
10.04597 


io.04003 
10.04609 
10.04016 
10.04622 
04628 
1 0.04634 


4  10 


0.3660230 


0.36575 


29 


0.36549  z8 
0.36522  27 
0.36496  26 

0.3646925 

036443  M 

0.36417*3 
0.36390  22I 

0.36364121 


0.36338P0 

0.36311 

0.36285 

0.36259 

0.36233 


0.36207 1 5 
0-3618014 
03615413 
0.3612812 
0.36102  II 


18 

17 
k6 


0.360761I 
0.3605 

0.36024I  8 

0.359981    _ 
0.35972   0 


0.3  59461  5 
0.35920  4 

0-35894   3; 
0.35868   2 

0.35842    I 

0,35816 


Secant. 


H«i 


I 


■fl*MMM 


A  Tabic  of  Artificial  Sines, 


wtm^ 


26  Degree's. 


■ 

O 
I 

z 


3 
4 

5 
6|9 


4964288 


79 
8 


.64339 
.64365 
9.64391 
9.64417 


loj 
ii 
12 


9.64442 
9.64468 


»7 
18 


199 


21 

22 

«4|9 


269 

27 

28 

?9 


Sine. 


9.641849-953669 


9.64210 

9.642369.9535419 

9.642629.953489 


9.643149.95335 


9.644949.95292 
139.645199.95286 
49.645459.95279 


159-64571 

69.645969.95267 


9.64622 


.68818 

9.95  3  60(9.68  850 

.68882 

.68914 

9.68946 


995341 


9'953»99 

9-953*3  9 
9.953179 

9.953109 


9-95304, 
9.95298  9 


9.95273 


9.95261 


9.64647I9.95254 
.64673'9.95248 


2o|9.64(>98l9.95242J9.69457 

9,64724;9,95236  9.69488 

9.647499.95229  9.69520 

9.64775*9.95223  9.69552 

648009.95217  9.69584 


309.64953 


2519.6482619  95211  9.69615 

\. 6485 1  9-952049.69647 

9648779.951989.69679 

9.64962  9-95 1 92  9.697 1  o 

9.64927995^859.69742 

19.95 » 7919  69774 


Sine. 


Tang. 


9.68978 
.69010 
.69042 
.69074 
.69106 


9.69138 

.69170 

9.69202 

9.9528619.69234 

9.69266 

9.69298 
9.69329 
969361 
9.69393 
9.69425 


•oe 


0.3 1 1 8;^ 
0.31150 
0.31118 
0.31086 
0.31054 


0.31022 
0.30990 
0.30958 
a30926 
0.30894 


0.30862 
0.30830 
0.30798 
0.30706 
0.30734 


0.30703 
0.30671 
0.30639 
0.30607 

0-30575 


0.30543 
0.30512 
0.30480 
0.30448 
0.30416 


0.30385 
0.30353 
0.30321 
0.30290 
0.30258 
0.30226 


Tang. 

63  Dej^ree:s. 


cant. 


0.04634 
0.O4640 
0.04646 
0.04653 
0.04659 


0.04665 
0.04671 
Q.04677 
0.04683 
0.04690 


0.04727 

0-04733 
0.04739 

0.04746 

0.04752 


0.047518 
0.04764 
0.04771 
0.04777 
p.04783 


0.04789 
0.04796 
0.04802 
0.04808 
0.0481 5 
0.04821 


o. 
0. 

0.35481 
o. 


JO 


0.04696 
0.04702 
0.04708 
0.04715 

0^0£2I  110.3545446 


66g 


59 
.35764158 


0.3581 

o.3579q 

o. 

o.3S738|57 
0.3471 2  56 

55 


0.35687 
0.3  s6( 
0,35635 
0.356095 

0.355845 


•35532  49- 
.35506  48  ' 

47 


0.3542945 
0.35404  44f 
0.3537843 
0.3535342 
10^353274 

.35302  4d 


o. 

0.352 
0.35251 
0.35225 
0.3  5  200 


I 


0-35*7435 
0.3514934 
0.3512333 

0.3509832 
0.3507331 
0.3504730 

Secant. 


7639 
I38 

37 
36 


■v 


t 


— '• SlL. 


^Sdfai 


A  Talik  of  Af rifitial  Sldes» 

2/  t>0grtes: 


p  Sine. 

9 


12 

2 


23 


a  9.6624.6  9-94845J9.7I401 
9.662709.94839971431 


24  9-6629  5;  9.94832  9.7^462 


*5 

28 

«9 
301 


9.66221 


9.66392 


0I9.65705  9.94988  9.70717  10.29283 
,1^9.657309.949829.70748  10.29252 

2,9-65754  9-94975  9-79779  10^^922^ 
3,9.65779  9.94969  5f.7i)8io  10.29196 
4596  J804  9.94962  9jog4t  1.0:29159 

519^5828  9.94956  9.70873  to.2^127 

6  9-65853  9.94949  9.70904  L0.29096 

7  965878  9-94943  970935  10.29065 

8  9.65903  9.94936  9.70966  10.29034 

9  9.659f  7  9.94930  970997 10-29003 

109.659529.949249.71028  10*28972 
II  9.65976 9.94917 9.7*059  10.28941 
[12  9.60001  9.9491 1  9.71090  10.28910 
13  9.660269.949049.71 122 10.28879 
149.66050  9.94898  9*71 153  10.28848 

15  9.66075  9.94891  9.71 1 84  73.28816 

16  9-66099  9.94885  9.7121 5  10.28785 
tj  9.661 24  9.94878  9.71 240 10.28754 
1 8  9.66148  9-94872  9.7:k 277  io.28723 

9.66173  9.94865  9.71308  10.28692 


Tvig. 


9.66197  9.94858  971339 


9.94852 


p.663 19  9.94826  9.7:1493 
9.663439.948199.71524 
9.663689.94813  9.71555 


9.664169.94800 
^.66441 


Sine. 


9.94806  9.71  ;86  1028414 


9.71617 


io.28661 
9713701*0.28630 
i  0.2^600 
10.28569 
10.28538 

10.2.8507 
10.28476 
10.28445 


16.28383 


9-94793  271648  lb . 28352 10.05207  IOJ3555 

fiin^  '  I  ^4  n  OP  Cammm» 


Ting 


Sdcant. 

{ 

'  . . 

0.6501^ 
o.650i"8 
0.05025 
0.05031 
aQ5038 


0.05044 
ao5o5i 
0.05057 
0.05064 


0.05109 
0.05116 
0.P5122 


Ufei 


16.34295  6c 
10.34271  59 
ro.34246  j8 
10.34221  57 

f  0.34196  56 


10.34172  55 

I0.34H7  54 

1034*"  53 
K^.3409852 


0.0507010.34073 


0.05677 10.34048  50 
0.05683:  i<^.^4o24  49 
0.05090 10.33999  48 
0.0509610.3397547 

0.05103II0.339S0I46 


10.3392545 

10.3J901  44 
Htf.338764 


51 


0.05129  10.338524. 
16.33827411 

10.33803  4< 


0.05135 

0,05142 
O.P5I48 
0.05155 
0*05161 


0.05174 
0.05  I  81 
0.05187 


10.337793 

10337543 
10.337303 

_>4J70| 

10-3368131 
10-336573- 
10-3363233 


0.051 94  1 0.3  3  608  3  2 
0.05201I10.33584J31 


Secant. 


^itn^immmmm 


6z  Decrees. 


*>••••     «*   V^MMM* 


I 


A  Table  bf  Artificud 


29  .Degrees. 


"o  9r*8557  9-94«^  974J7S  »P-*5^f5 
i^..  .  K       '-0.25595 

0.25565' 
0.25536 
0.25506 


1968580  9.94^75  9-744^$ 
1 968603  994168  974435 
J  96862  569416^  974465 
4  9.68648b.94i  54  974494 

1 96867 1K94147  974524 

6  968694  994»4o  974554 

7  968716  994«33P745S4 

8  968739  9.94*»6p.746i3 

9  9-68762|9i94«  t9l974643 


Sine. 


Tang. 


5  9.68784  994"*  974673 
1 1  968807  Sl*94i<>f  9747o« 
1296883099409897473* 
1 3  968852  99409^  9-74762 

4  968875  994083  97479' 

5  9.68897  994076  974^21 

6  9.68920  994069  974^5' 

7  9.689^  9.94P62  9743^ 
,  8  968965  9.94055  9749«o 
iq  9^68987  994048  974939 
So  9.69010  9.9404J  974969 
*i|9*6903aP»9W4  974997 


22  969<)55P'94P>7  9750»8 

23|9.69O77p-94P*0  97505^ 
691  oo&940i^  9.75087 


25j9'69i;f49;94005  975 » » 7 
>.69i44  9-9?99^975«46 
.69167  9^599Ji  975 » 76 

28)969190  9-93954  975*05 

1.692129.93977975*35 
.69234  993970(975*64 


Sine. 


Recant 


0.25476 
0.25446 
0.25417 
0.25387 

0*5357 


0.25327 
0.25298 
0.25268 
0.25238 
0.25209 


0.25179 

0.25150 

0.25120 

o. 

0.25061 


10.2503  r 
0.25002.1P.0 


0.24972 
0.24942I1 
10.24913 


0.24883 
0.24854 

0.248  24J1 

0.24795 
0.24765 

0.24738 


Tang. 
'60  Degrees  • 


10.0587s 
10.05825 
10.05832 
10.05839 
10.05846 


10.05853 
10.05860 
10.05867 
to.05874 
10.65881 


10.05888 
10.05895 
10.05902 
io.05910 
10.05917 


10.05924 
10.05931 
<  0*0593  8 
25090110.05945^ 
10.05952 


10.05959 

5966 

10.05973 

0*05980 

10.05988 


» 0.05995 
io.q6oo2 
0.06009 
1 0.060 16 
10.06023 
10.06030 


0.31443 

0.3JI42Q 

0.31397 

0.3 « 375 
031352 


58 


0.3132955 
0.3130654 

Q.3128453 
0.3126152 

0.3123851 


2165 


0.31 

0.31193 

0.31171 

0.311 

0.31125 


0.311034-5 
0.3108044 
0.3105843 
0.310354 
0.31013  4' 


57 

^6 


4847 
46 


0.30990  41 

0.309683s 
0.30945  38 

0.30923  37 
a309oo3^ 


0.3087835 
0.30856  34 
0.30833 
0.30811 
0.30783 


0.30766(30 


Secant. 


^m 


ffrnm 


•^ 


fmmm 


33 
3» 


3» 


q    - 


5  9.712^89  9-93*^9  9'78o20  10,21980 

6  9.71 310  9-93261  9.78049^0*21^51 

7  9.7iS3»  9-93253  9.-78078  10^21925 

8  9.71352  9.93*46  9.78106  to.2t  894 


rtlh 


^|i 


imtM 


_| iKt 


A  Table  b£:ATttfictal  SMies, 


taj.Th 


•3*  D'iirieh 


i    Sine. 


09.71184^.933079.77877 
> -^.7 » 205  9.95299  9»779o6 

2  9.7 1 226  9.93  29 1 9.7793  S 

3  9^71^7  9-93*84  9*77963 

4  9.71268  9.93276  9*7799^ 


•»*i 


9  c>.7i  373  9.932389.78135 


1019.7139419.93*30  9*78 163 
119.714149.932239.78192 
129.71435  9.93215  9^78220  to.21780 
«3  9»7»4569'932o89i78249[|  0.21751 

M  9»7M77  9'932O0  9*78277 

51 9*7 149819.93  i92J9r78}o6|i  0.21 6^5 


«6b.7»5«9N3*85  9.78334 
« 7  9»7«  539  9-93  «77  9*78363 

189.715609.931699.7839* 
199.71581  9.93«6i|9.784*9 


20  9.7 1 602  9.93 1 54  9.7  8448 

21  9.71622  9.93146  9*78479 
229.716439.931389.78505 

239.716639.931319.78533 
24I9.71 685  Q.93 1 23I9.78562 


259.717059.931159.78590 
269.717209.931089.78618 

«79'7>  747  9*93»oo  9.78647 

289.7^^767  9.93092  9.78675 

»9  9*71788  9-93084  9*78704 

3(%;7 1-809  9^307710^78732 


J-^^v 


■t 

tang. 


T 


10.22123 
10.22094 
10.22005 
10.22:037 
10.22608 

Tf 


10.06693 
10.06761 
IO.067O9I10.28774J58 


10.21865 


10.21837 
1 0.2 1808 


10.21637 
10.21609 
10.21581 


10.21552 
10.21524 
10.21495 
10^1467 
1921438 

10.21410 
10.21382 
10.21353 
10.21325 
10.21200 
ro.2I2 


8 


Scomt 


1 


•f 


10.06716 
to.06727 


10.06732 
10.06739 
10.06747 
10.06754 
10.06702 


10.06770 
10.06777 
10.06785 
10.06793 
10.06800 


_  10.06808 
10.2  i6&§h  0.0681 6 


10.28816P 
0.2879s  59 


10.06823 
10.06831 
10^06839 


10.06846 
10.06854 
f  0.06862 
10.06869 
10.06877 


10.06885 
10.06893 
10.06900 
10.06908 
10.06916 
10.06923 


i.,Taag.  I 


0.28753  57 
0.28732  5» 


0.287125$ 
0.28690  54 

0^28669  Si 
0.28648  5^ 
6.28627  S^ 

0^28667  so 
0.28586  49 
0.28565  4? 
0.2854447 
0.28523  4p 


0.28502  4S 
0.28481 44 
0.2^461  43 
0.28440  42 
0.2^419  4* 


o.2;8398  40 

0.2837839 
0*2835738 

0.2833637 
0.2831536 

0.28295  3$ 

0.28274  34 

0.2825333 

0.28233  32 

0.2821231 
0.28192^0 


Secant 


Tj 


•«w-«l 


■«• 


A  Table  t>£ Actificial  Sines, 

3a  Dtgreej. 


1 


2 
5^ 


Si/ie. 


0  9.72421 9.92842  9..79'S79  >^o.2042i 

1  972441  9.92834  9-79^7  10-29393 
z  9.72464  9.92826  979635  ^0.510365 

3  9.72482  9.92818  9.79663  10.20337 

4  9.75502  9.92810  97969 1{  1 0.^0309 


II 

12 

>3 
«4 


»5 


19.72723  9.92723  9.8000c  10.20000 
169.727439.92715  9.8002 J  10.19972 
9-727^3 992707  9.8QD56  10.19944 
9  727839-92699  980084  10.19916 
^•72^039.92691^.801 12I10.19888 


17 

18 


'9 

'21 

24 


2S 

26 

kc 


tang. 


5  9.72522  9.92803  9-797.19  10.20281 

6 972542 992795 979747  io.f0253 
7  9  72562  9*92787  979770  10.20225 
S  9.72582  9-92779  979B04  19.20190 
c  9.72^29.927709.79832  to.20108 

^•^■^mtmmmami      ^mmr^m^mmt^mm     '^mm^'^mmm^ 

ic  9.72623  9-92763  9.7986G  10.20140 


9.72643  9-92755  9.79888  10.201 1  z 
9.72663  992747  9-79916  10.20084 

972683  9.92739979944 19.20056 

?  727039.92731  9.7997210.20028 


972922  9.9264J 


97282319.9268319.80140110.19860 
9728439.926759.8016810.19833 
9728639.92667  9.80196  10.19805 
972883  9.92659  9.80223 10.19777 
^■729029.92651^80251110.19749 


9.80279 


Secant. 


972942I9.92635I9.80307I10.19693 
972962  9.92627J9.803  35  1 01 9665 
972982  9.92619I9.80363  10.19637 
973002  9.9261  i!9'8039i  10.19609 
9.73022  9.92603*9  80419110.19981 

Sine.   I  I   Tang. 

57  Degrcis. 


10.19721 


0.07158 
d.07i§6 
0.07174 
0.07182 
0.07190 


0.07237 
0.07245 


0.07261 


0.07277 
0.07285 
0.07293 
0.07301 


^'o-275796c 
tO-2755a5^ 

10.2753^58 
io.a75iM57 
10.27498  5( 


0.07198x0:2747855 
0.07205  10.2745854 
ao72i3io.27^«5j 
0.07221  10.2741852 
007229(1027398  51 


1047378  50 
'0.2735749 


0.07253  10.27337  48 


10.2731747 


007269  10.2729746 


10.2727745 
10.2725744 
10.27237  43 
10.2721 7  42 


007309102719741 


00731710.2717740 
0.0732510.2715739 

0.0733310.271373^ 
0.07341 102711837 

0.0734911^0.2709836 

10.27078  Jj 
834 


007357 
007365 
0.07373 
0.07381 


IC.2705 
10.2703^3 

10^2701832 


0.0738910.2699831 
0.07397  10,26978  30 

f  Secant. 


{ 


A  Tabic  of  Aftificial  Sines, 


H 


ct.736io9.923599;8i2S 

i  9.73.^0 ^^^S^** 9-8 V279. 
2  973650  9-9^343|9°' 3071 
59.736699.925359:8*835 

4|9.73689b;9?3^6|9jijr? 


59.757085^23169,81390 

6  973  7*7  9-9^3  ^^  9:^  *  4«  ^ 

7  9  737479-923^2  9'8i445 

8  9737669.92293  9.81473 

9  973786  9.92285  9i8k5oo 
10973805  9.92277  9-81528 

i  9.73824 9*922^9*81556 

it  9.73843  9-92280  9:81583 
139.738639922^29^81611 

1497388^^^22449^81638 

15  9739^*  9-9'2236  9  j8 1 666 
16973921 9,922279^81693 

17  9.7394c  9.922 1 9  9»8 172 1 

1 8  9.73959  P'922i  I  9-81748 

J  97397?  2i>il2?|9£i72P 

20  973998  9.92 194  9-8 1 804 

21  9.7461 7  9.92 1 869.p1 83  i 

22  9.74^36  ?-92«77i9-8i859 
25  9.74057  ^.92i699.?«886 

24  9.74074I9.92161I9J29'  3 


25J9. 74093  9.921 52j9.8r9Ai 

26  9.7  4H  3  9.921 44  9B»968 

27  9.741529.921 36*9.31996 

28  9^74*  5«p-92i  27  9.8202^ 

299.74170^.92^919.82051 

3q974'M9;2iili 
I   Sine. 


9.82078 


o.i8472|i0.O7723  10.2619550 

oil  8445 10.0773 1  io;26i  7t  49 

0-1 8417 10,07740 10,2615748 

-o.!  8389'!  0^7748 10.26137R7 

10.18362I1 0.07756  !ai6ii8k6 


o«i  8748 


0^18665 
0.18638 


10.26J89  6c 


^9.07641 

oii87ii}io-o7649Jiq-26575[55 
0.18693 


10.07657110.26350  5I 
ip.07666  io.26331  57 
16  07674  10^26311  5^ 

0.18610110.07682  10-2629255 
0.1 8582 10^07690  10:26273  54 
0.18555  '^•*^7698  10.26253  55 
o.ii8527  to.077o6  io.a6j234  5^ 
d.li  8  ft>el^Q-o#t  5110.2621  jp  1 


-4 


0.18334 
0.18^307 
0.18279 
0.18252 
0.18224 


0.1.8197  19*07806  10.26003J40 
0.1810910.07814110^2598339 


0.1.^59 
011^0312 
d;i8to4 

o*>7977 
6:k794^ 
0.27952 

"itang. 


0.18142  ic).o7823 

0.18114 

d.  1 808^ 


10.07765  10.26099145 
16.07773  i6.26d79lM 
to.0778^1 10*26660  43 
10.07789 10.26041  42 

1 0*07798  I6.26022|4* 


10.2596438 


16.07831 10.2594537^ 
10.0^839 16:25926  30 

10.2590735 
iq.2588834 
10.2586833 
10.2584932 
10.258303 


IQ.07848 
10.07^56 
i:o«o7864 
ro.07873 
ro«o788i 
ro.o7889 


10.2^811 


Secant. 


■■/"',' '  >i 


^6  Degrees. 


1*^ 


i^mttk^ititk^ttim 


mm 


MM 


Tangents  and  Secants. 


3»?;7S33i9:9»59«  9-8374* 
3i  ^mS9  ?-9*S82  9*83768 
33  9*75368  9-$»  573  9-83795 
r4  »75^6  ^•9'.565  9-83822 

35  9-75405  9^9155.6  9-'838i^9 
369.754^3  9-9«  547  9-83876 

37  9-75441  9-9*539  9-83993 
3:8  9-75:460  9-91530  9-8S93Q 
399.75478  gy5^»l9-83957 


4<3  9-75496  9'915»^  9-83984 
41 9'755M  9-9*5049-840", 
4^  9*75533  9-91495  9-84^38 
439-7:5551  ^-91486  9-84p65 

44  9'75569  $.9>477  9-840^ 

1^5  9'75587  9-9*469  9-841 1^ 
16  9-756q5  9.91460  9.84146 

^79.756249,914519-84*73 
4.8  9-756A2  9.9*442  9.84200 
^  9:?jf6&Q  ^•9H33  9'84a27 

50  9'75S78  9-9;4^5  9-84^54 

51  9.756969.914169.84281 

52  9-757*4  9-9*407  9-.84307 

53  9-i7S733  99*398  9-84334 

54  2lI52if  ^;9H89  9'845^1: 
^  9- 757^  9-9^381 5J.843S8 

569-75787  9-9*3729-944*5 

57  9-7S'8o5  9-9*  363  9-8444? 

58  9-75^^3  9^-9.*.3  54  9-84469 
599.7584**9*3459-84456 
Sc^7f«59  9J9i336  9-845-23 


o. 
0. 
o. 
o. 


o 

O* 
O. 

o> 


o. 
o- 

0. 

o. 


o. 
o. 
o. 

b. 


o. 

o.' 

9', 
0^ 


o. 
o, 
o." 

Q. 
o." 


7 
6zbQ 

6^32 

6205 

6178 


61 5  ^ 
6124 

6097 


6Q7016.Q8470 


6043 


6016 

5989 
5962 

5935 


5851 

5854! 

58?7 


£773 


5747 
57?o 


5612 

5585 
5558 
553^ 


-i^P— 


f  9.08401  ILOf246 
i  0.08409 10.2466 
i  0.0841^ 
1068427 
10.68435 


10.08444 
10.08453 
J  0.08462 


10.0847910.24522 


10.08488 
10.08497 
10.08505 
10.08514 


5908 10.08523 


10.08532 
10.08540 
io.o?^49 


580010.03558 


a.o&507 


iao8*5*75 
10.08584 
10,08593 
10^08602 


5639  ^.086 1 1 


iao8637 


5504Jiao8655 
547716.08664 


10.2465 

10.24634 
1 0.2461.4 


*  0^.^4595 

1 0.24577 

*P:.H5^59 
10. 2454  li 


21 


10.24504  2C 
10.24486 

ip.;24467 
1^0.^24449 
io.244^r 


ip.  24413*  5 
rp.24594 
10.24576 
ip^358 

ioa434^ 


10.24322 
T0.24304 

16.24267 
(0^24249 


10,08619  Vp.243131 

io»b8628fp.242i3 


'.'Q-WPS 


10.08646^0.24^77 


10.24159 

10r24l4l 


--Secanf^.  ■  c 


MtaHta 


mmmm 


mm 


r 


...^ 


■«■ 


wmttt 


wmmm 


it 


I 

12 
l.l 

To 

'9 

8 


s 


I 

2 


/- 


I  9.7537 

^  9.7589 

39-75913 

4  ?7i93» 


5^-759499-9i«92?-84^S7 
o  975967  9^9"  28^3  5My^4 
79  75985  9-9»  274  9*47  «i 
8  9.7600J  J.91 266  9..S4738 
9 9.7602!  99»257 9*84764 
1x^.7^9^.91248  9^4791 


A  Tabic  of  Artificial  Sifies, 


•     t 


■;  "as  %^^j. 


Sine. 


.913289-8455? 


913^^9 


Tang. 


9.84576 


0..1  J45C  xo.oS6f2 10.241 23[59 


g.9i3io9.846pJ 
.9,30,  9.84630I16,, 537c 


10.15343  to.08708 10.140^1 5  jj 

10.11^31010.0871710.2403354 
10.^5289 10.08726 10.2401  j  53 
10.15262  rd.08735  »o.2399l5i  5  a 
1 0.1 5236{io.o8743p  0.2397:9  51 


II  9.76057  J.9 1 239 9.84818 
X  2  9.76075  J.91 230  9:H^i 

139.76093^.912219.84872 
149.76171  ^.912129.84899 

tj  9*76*29  3  91203  9-849^5 1  o.  1 5e75fi  o.o8797fi  ow  JkjS 
169  76146  ;|.9ii949.849$l 

179.76164  9.9U85 984979 

18  976182  9.91 176  9.85006 

19  9.7620019.9 1 167^.85033 


^o  9.76»t%.9H  58b.85059 

21  ^.762369,911509.85086 

22  976253  9.91 141  ^851 13 

23  9.76271  ^91 132  p.85140 
M  976289^91 1 2j[9.8s  1 66 


25  9.76307  9.91  rr4  5^.85193 


309.76395^.91069 


26  9.76325  9^91 10c  p.85220 10.1478! 
27p-7634?|^9»o9^-85247[io.i475j 

»P-H72; 
io.<47o< 
£044671 


28  ^76360  9-91 Q87  5^.85273 
9p-76378|9^9»o^8  ^.85300 


'  otnc. 

M-4 


9-85327 


Secant. 


io.x54a4|i0.Q868tllo.i4ioj  58 
10.1 5397  i<j).o8696  iaifO^fjl  57 


10.0869^ 


Xo.i5ao9 16.08752 1 o.»396i  S<^ 
10.15182  10.^8761  I10.23943I 
^.o-iJiSS  1Q.08770  >o.23g2 
lo.i  jia8  19.08779  loiijoo 
io.t5ioi  10.08788 10.2388 


10.^4 
10.1483 


10.^^048  tG|.o88o6 10.2385^ 
10,150^1 10,08815  io.2383( 
10.14994  iGi.o9824  90.2381 
1  o. 1 4968 19.08^33  io«23r 


10.14941  roi.08842  iO'«3i7 
10.14914  iao8«ci  10.2376, 
10.14887  |iao8«6o  ^o.23747|}8 


to.  14! 


ItoAU 


:  ry>g. 


iiiisas? 


M 


;ao8868 1^0.23729137 
12^0887710^1136 

•o^ofc^8«6 10.23*55  is 
[010^89510.2367634 

01081904  to*23658[ 

[0^08913  10.2364 

[0^08922  ^0*2362 

:do893i  10.2360 


••* 


54  Degrees., 


■i#i 


^ 


A.T^bUvof  AjT^ial  Siacs 


36  D^greet. 


r^  ' 


• 


^^•769^7  ^-90777  9-86179  10,13821 

3  97$974  9*9^7^^  9.86206  lO.i  J704 
4!9-7699i  $'90759<9'g6232  iQ-f  37.68 

"5I9.77009  9-90750*9^86259  «?.iJ74» 

69.77026^.90741 9  "86285 1^13.715 

79.77043  $-9073»  9-8631.^  1^.15688 

897706J  9907" 9-86339 10,13662 

9J7078  ^.907^3  9-86365  10.13635 

709.77095  9-90704  9-86392  1 0.1 3669 
»|977M3  9-90695  9-8.641,^.19:1^582 
29.771309.906859.86445  10.13556 
3  977^73-90676  9.86471 10,13529 

14  9.77164  990667  9.86498  10;1  3502 

Tf  ^7182  9-90657  9-865>4  (0,1^4.76 
169.771999.906489,865.5,1 10,13450 
7  9.7721 6  9-9.0639  9-86577  iO,l}423 
'^  977233  9^90630  9.86604  ^.0.13397 
9.7725,0  g^9o620  9;8663p  10^^3370 

2019.772689.90611  9.8665610.13344 
121  9.77^85  9>9o6o2  9.86683 10.13317 
22  9-77302j9'90593  98670^1 0.1 32 
e3!9-773«a9*50583|9.86736U(3.J32 

"  1*0.131 


1 

12 

I 


t 

18 

19 


24-I977336  22^574  986762[i  0.1 3138 

%-77353  9^0565  9/?^io;/32i  i 
169.773709-90555  9-86815110.13185 

17  977388  9^0546  9.86?42 10^1 3158 
i8  9-?74qS  9-5.05  3  Z  9;  8686S 1  p,  1 3 1 3  2 
*9|9-7,74^?  9;po527  9.86895i«o,ilio6 
^g'9.774-39  9-^05 1 8  9.8692il}ai3p79 


Secant. 


I 


0.092(54 
0.09213 
0.09^23 
0.0923^ 
0^09241 


0.0925^) 

0.09259 
0.0926 
0..09278 
0.09287 


0.09296 
0.09306 
0.09315 
0.09324 

0*09333 


Q.09343 
OW09352 
009^61 
1 0.093  70 
0.0938b 


0.09389 

0.09J98 

0.09408 

0.0941 

0*0942 


0.09436 
0,09445 

o,<>945.4 
0.^9463 

0-^473 
0.09482 


I 


4 


0.'23fO'78 
a  23061  [59 
0.23043  5S 
p.  23026  57 
0.23009  {6 

6.22991 5^ 
0.22974  S4 
10.2295753 
0.2293952 
0.22922^1 


0^^2905  $p 
o.;l288B  49 
0.2287c  48 
0.2285247 
0.22836  46 


0.22^819^5 
p.2'^801  44 

0.2278443 
0.^2767  42 
0.22750  ij 


0.^2733  40 

0.2271139 

0-J2D98  38 
6.2268137 
o.  22664  36 


) 


rt 


53  Degree r. 


-1—  L  I 


0.2264735 
0.2263034 
9.22613^3 
9.22595  32 
0.225783^ 

6.22561  3° 

is 


'Axmrni^ 


r 


*t 


i:?rap9?53p93?l  io,,^5rf9ibLio347 


19.78950  8.89643  9*59307 

-*a  9.78967  5.89634  9*8933} 

3  9-78983  9-?96?4  9*89359 

6  9-29<^»  5  P9604  9^894^  i 
69.79031  9.-89594  9-89437 

7  9.79047  $-89584  9*89493 

8  9*79o63  M9S74  9*-89489 
-9  •:^.79079  9-89^64  9>895»S 

rar4^A^MQ  ioccA  9.89541 


1cl9.79095l9.i9  5^54 
II 


.  *  9.79U2^.89i44^-?9i67  «^°-»^«3  »0-^o456  ^.^oSSg^B 
29  791*28  9^49*^9593  ^-•>^407  »J-'^466  o.2oj7|48 
9.^1449:895^^9*89619  ^°-*^384^i-io47^^o.2o856]4 


fci  ^79272  9r&S*45  9*598.f»7 


1 7lg.7Q2b8|9.8Siac|9.897i3| '^?*^*^^  ^'^^^ 

18  3.792^49*8^759-89749  '^*^mo  10,10535^0.2077 

^  979?i?  sT^SASS  9*898biIio.Mii99ii,o.io545lroaa7 


fe2E^79288l9^*«9i^ife.89853  ^OfKP.U? 

10.10585 

9i89405J9.?993i  i9.tpo^ipao5^5 


10^^0693 10.10357  «o.2|050K 
IQL16667  XjJrip3(^7  ?«>.n93hf  ^^ 
xoiio.64^  10.46376 1,0.21017  Si 
loifo&f  g  40^0386  f o>^iooi  a 

ioiio5SQ  i>.ioJ96 10.20985  55 
iq^t^g$^  ib.io406 10.20969 
i()#i9537  10.10416  ko.20953 
L0.1051  \  tb.io4a6 10.20937 

*0.l^iet  *0»4O436  I0.2O92lg* 

..II    1"  *  -.  r    ^1        l|  ■    *im    ••  K^mm^  ■*    "^77 

IOJ04S9  iJ^.to446|io.z99as|59 


• 


I9!*cu  7^  10.10555 


^0*20728  39 


10.16565  ro.:|Q7ia 

IO.2009  ' 

xo. 


lb.  1 0043  10.10605 


P-79335^,.--  -i;.6^  . 

^.793519*^9395  9-89957       ,- 

■  '^'*^-"»-^"- 9^991(3  10.10017 10,10615 

9.90009 10.09991  10.10626 
^79399pt8936'5  9-9oo35  ^0,09965  10.10636 
.794rf  c  9;89«4  9.9006^1  >taf0994e[io,To64e  io.2ty5g5  5<? 


io»2o665 

10.Z0649B4 
10*20633  33 

Lt3u2o6f  7  3* 
10.2060I31 


f'SCCTW. 


5i.-X)/gr<#»i 


rifa^iM 


^tm 


iWaIife««4MP«ni*">i*< 


§   Sine. 


Tangents  and  Secants^ 


i 


42  Digreiu 


M^ 


^i     * 


Mfe^ 


P  ^.^296^  9186763  9.96205 
Jl  9.^^82  9^86752  9.96231 
}  2  9.82996  9*86740  9.96256 

33  983010  9186728  9.9628 
^J9^JS3023  9^86717  ^^6307 

35|9-83037  9-86705  9.96332 

3^ 983^5 <  9-866949.96357 

37  9.^3065  9.86682  9.96383 

38  9.83078  9.86670  9.96408 
3^8309.2  9.86659  9.96434 


409-83 1  o«9.»6647  9.96459 

41  9.83  i2d  9.86635  9.96484 

42  9.83 1 33  9.86624  9.965 1  o 

43  9-83H7  986612  9.^6535 
449.83161  9.866609.96560 

45J9.83 174  9.86589  9.96586 


469.83 1 88  9-86577  9:9661 1 
47  9.83202  9.86565  9.96636 
489.832159.865549.96662 
4Q9.S3229  9.86542  9.96687 


50^.83243 


51 9^83*5%  865J^fe-96738 
52  9.i5270  9.865O7  996763 

53'9-^3^3  9-86495  9.96788 
54^9^83  297  9.86483  996814 

Sj;9-8^3'i  1 9-^6472  9.96839 
569.^^4  9.9646b  9.96864 

57  9-^33^^  51-^6448  9:96890 
58;9*833^5'»|9'36436|9.969i  5 


5^9.33365  9.8642^5  9^940  to.03060 
oo'9.83378  j.864Lf3  996966 

I  '  Sine. 


9.865309.96712 


10  03795 
10.03769 
10.03744 
1003719 
10.0J693 


10.03668 
10.03643 
10.03617 
10.03592 
r  0.05  5  67 


Sfccant. 


i  0.03  54 1 
10.03516 
10.03491 
10.03465 
10.0344c 


10.03414 
10.03389 
10.03364 
10.03338 
fo.03313 


io.p328b 
10.03262 
10.03237 
10.03212 
10.03186 


10.03161 
10.03136 
1^.03110 
10.03085 


jmjaBmm 


10.03034^ 

Tang. 


47  Degrees. 


o, 
o. 

Op 
Op 

o. 


o. 
o. 
b. 
o. 
o. 


o. 
o« 
a 
o. 
o. 


o. 
o. 
o. 
o. 
o. 


Op 

o« 
o. 
o. 
o. 


o. 

o. 

Op 

o. 
6. 
6. 


3237 
3249 

3260 

3272 
3283 


3295 

3307 
3318 

3330 
3341 


3353 
3365 

3376 

3388 

3400 


3411 

34231' 

3435 
3446 

3458 


3470 
3482 

3493 
3505 
3517 


3528 

354<^ 
3552 
35^4 
3576 

3587 


0.17032 
0.17018 
0.17004 
0.16990 

0.16977 


0.16963 
0^16949 
0*16935 
0.16922 
0.16908 


0.16894 
0.1 688 1 
0.1686; 
0.16853 
0.16839 


0.16826 
o.f68i2 
0.1 6798 
0.16785 
0.1 677 1 


0.16758 
0.16744 
0.16730 
0.16717 
0.16703 


0.1669c 
0.16676 
0.16662 
0.16649 
0.16635 
0.16622 

Secant. 


r 


, 


30 
28 


25 

23 

22] 

21 
20 

'9 
18 

»7 
16 

*3 

12 
f  I 

IC 

9 

8 

H 


4 

3 
21 

I 


A  Tabic  of  Artificial  Sipcs, 


44  Degrees, 


mrtm 

Si 

3 


c  9:84177  9-8j69}p.9H^4 
5  9.84216  9.85$57b.9856o 


4  9.8422c  9.85645I9-98585 

5  9.84242  9.8563  2J9-936io 

6  984^56  9.856^6h-9^635 
79.84261  9.8  J698  9-9^^*1 
S  9.84282  9.85596  9.98686 

99.84295  9.8  5  583  g-987^^ 


v 


Sine. 


Tang. 


09.843089.855719-98737 

1  9'-8432i  9-85559  9-98762 

2  9-84334  985547  9-98787 
3p-843-t7|9-85534p-9?8i2 


9.8436b  9.85522  9;98838 

5  9-^4373  9-855»q9'-98^^3 
69.843869.854979-9^888 

7  9.843989.854^5  9r989' 3 
J- 9.8441 19.85473  9-9^93.9 


9.84424  9.85460  9-98964 


2c  9.84437  9.85448  9.98989 

21  9.844509.85436^9.99014 

22  9.84463  9.8542  jp.f  9040 

23  9-8447%-854i  i|9  99065 


9:844899.85399^^99090 


2;  984502  9.85386  9.991  16 

26  9.84515  9.85374  9.99ii4i 

27  9.5452$  9.85361 9.99166 

2fe  9.8454c  9-8  J349'9:99»9r 

i99-«4S?3  9-8S33?p-992i7 
3r  9-84566|9.85324|9.9924:2l 

J 


>-8S33?p! 
i.85324^9.( 


11 


Secant. 


r 


0.0151640.14:507  t 

0.0149'! 
0.01466 


0.01440 
0.01415 


0.01390  4o.i436Si0.t575b 


6.01365 
0.01339 
0.01^14 
0.61 289 


d.01264 
0.01238 
0.01 213 
6.Q1 1  ^8 
0.0 1 162 


0.01137 
o.oi  1 1 21 
0.01087 
0.01061 


0.01  on 
0.00986 


0.00935 

0:009  JO 


I  Tang. 


10.14404 
10.14417 


3-1^23 
o.ic8cc 


59 


10.14319H0.158 

10.14331  ^^''5797158 
10.14333^0:1578457 
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